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PREFACE. 


rpHE  appearance  of  the  present  translation  of  mj  Manual  of 
Histoloffy,  following  on  the  excellent  version  issued  by  the 
Sydenham  Society  in  1853-54,  may  seem  to  require  a  word  of 
explanation.    The  earlier  translation,  with  which  were  ^incorpo- 
rated various  extracts  from  my  Microscopical  Anatomy,  was  from 
the  hands  of  no  less  eminent  editors  than  Professors  Busk  and 
Huxley.     But  having  been  printed   exclusively  for  members  of 
the  Sydenham   Society,   the  work  has  not  obtained   any  large 
circulation  in  the  English  medical  world.     On  this  account,  on 
my  visit  to  the  British  Association  at  Glasgow  in  the  year  1855, 
I  was  urged  by  several  of  my  English  friends  to  prepare  an 
independent  English  edition,  which  should  also  have  the  advan- 
tage of  a  more  compact  form.     After  mature  consideration,  I 
resolved  to  act  on  this  suggestion;   and,  in  the   same  year^  I 
succeeded  in  finding  a  publisher,  Mr.  J.  W.  Parker,  ready  to 
forward  the  work  by  all  the  means  in  his  power.     In  carrying 
out  my  project,  however,  a  considerable  obstacle  presented  itself. 
The  translation  was  executed  under  my  own  supervision  by  one 
of  my  pupils,  who  spared  no  pains  or  diligence  upon  it ;   but 
when  submitted  to  English  friends,  on  whose  judgment  I  could 
ihoroaghly  rely,  it  was  pronounced  to  have  followed  too  ^tet^^ 


PREFACE. 
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and  should  this  pablication  succeed  in  rendering  anj  service  to 
scientific  literatore  in  England,  it  will  be  a  peculiar  gratification 
to  me,  to  fed  that  I  have  repaid  in  some  measure  the  obligations 
whidi  I  owe  to  that  country,  in  which  I  have  found  so  many 
sincere  friends,  and  have  gathered  so  much  valuable  instruction. 

In  conclusion,  I  cannot  refrain  from  recording  my  grateful 
obligations  to  Messrs.  J.  W.  Parker  and  Son,  who  have  not 
hesitated  to  incur  the  additional  expense  of  engraving  anew  all 
the  woodcuts  from  my  original  drawings,  and  have,  in  every  other 
respect,  advanced  the  interests  of  my  work. 

A.  KOLLIKER. 


WUbzhurg,  A^n-U^  i860. 
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INTRODUCTION. 

§  I.  The  doctrine  of  the  elementary  structure  of  plants  and 
animals  is  the  fruit  of  the  last  two  centuries,  and  commences  with 
Marcellus  Malpighi   (1628 — 1694),  and  Anton  van  Leeuwenhoek 
(1632 — 1723),  at  the  period  when,  for  the  first  time,  high  magni- 
fying glasses,  although  still  in  a  simple  form,  were  put  into  the 
hands  of  investigators.     Tlie  ancients  and  the  observers  of  the 
middle   ages  knew   nothing  of  the    ultimate   structural   consti- 
tuents of  organism ;    for,  although  Aristotle  and  Galen  speak  of 
similar  and  dissimilar  parts  {partes  similares  et  dissimilares)  and 
Fallopia  defines,  still  more  accurately  the  idea  of  "  tissues,"  and  even 
attempts  a  classification  of  them  {Tractatus  quinque  de  partibu^ 
shnUaribus  in  Oper.  Tom.  ii.  Francof,    1600),  still  the  intimate 
conditions  remained  entirely  concealed  from  these  observers.    Now, 
however  brilliant  the  first  steps  of  the  young  science  were  in  the 
hands  of  the  above-mentioned  philosophers,  and  of  Ruysch^  Swam- 
me r dam  and  others,  yet  these  men  were  not  able  to  furnish  it  with 
a  secure  position,  seeing  that,  on  the  one  hand,  investigators  were 
still  far  too  little  acquainted  with  microscopical  research,  to  be 
able  to  strive  after  the  proper  goal,  and,  on  the  other,  were  too 
much  occupied  with  the  cultivation  of  other  branches,  such  as  ordi- 
nary anatomy,  physiology,  embryology,  and  comparative  anatomy. 
Thus  it  happened,  that  some  isolated,  and  in  part  important,  phe- 
nomena excepted,  Histology  made  no  material  progress  in  the 
whole  eighteenth  century,  and  did  not  extend  beyond  an  uncon- 
nected collection  of  individual  observations  (see  Fontana,  Muys^ 
Lieberkuhn,  Hewson,  Prochaska).     It  was  first  in  1801,  that  \t  n?»^ 
destined  to  take  up  its  proper  position  among  the  anatoxmc^  ^e\e\icesi 

4*-  « 


2  MANUAL   OF    HIMAX   MICROSCOnC   ANATOMY,      [sect.  I. 

liv  till*  iri»uius  ikf  a  man.  to  whom,  iiulecd,  Ilistolocrv  is  not  indebted 
tnr  any  L'^n-at  iliscjvirii's,  but  who,  better  than  anr  l)ofore  him,  uu- 
cKT'»tiHMl  how  to  arranire  the  exi#tin*r  materials,  and  brin;arthem  into 
nlatiDii  witli  iih\>i«»loLry  and  meilicine,  so  that  it  acquired  for  itself 
iiidejHndonee  in  all  future  time.  In  fact,  F.  X.  Bicuat's  Anatomie 
O'/i'/tf/'  (Paris,  iSri^,  is  the  first  scientific  Avork  on  Histology, 
and  on  this  account  forms  an  eiK>ch  in  its  history.  This  work, 
liesidcH.  attained  irn^at  imjwrtance  from  the  circumstance,  that 
in  it  tlie  ti'^snes  are  not  onlv  elearlv  defined  and  treated  of  most 
fully  and  loijieally  in  a  morphological  point  of  view,  but  are  also 
di^'ussi'd  in  detail  in  their  physiological  functions  and  morbid 
conditions.  To  this  great  internal  progn\S!i  were  superadded,  in 
tlii-*  cmtury,  the  inereaMng  improvements  of  the  external  aids,  the 
mieroseope,  ami  a  >teadily  grow  ing  zeal  in  the  investigation  of  nature, 
so  that  it  is  not  surprising  that  Histology  has,  within  the  last  fifty 
vear>.  k*ft  far  behiiul  all  that  was  accomplished  in  the  first  eenturv 
and  a  half  of  its  existence.  From  the  year  1830  more  particularly, 
dJMMveries  fiilloweil  each  other  in  such  rapid  succession,  that  it  may 
bi"  reirardrd  as  trulv  ft)rtunate  that  thev,  at  the  same  time,  came  in 
such  eoniu'ction  together  that  microscopical  anatomy  escaped  the 
danger  of  hisiug  itself  in  details,  as  in  former  times.  It  was,  namely, 
liy  ( '.  77/.  Sr/iir,inii,  in  1838.  shewing  that  animal  organisms  are  all 
originally  composed  of  cells,  ami  that  their  higher  morphological 
structure  arises  from  these  elements,  that  the  leading  thought  was 
promulgated  uliich  united  all  previous  observations,  and  also 
provfd  itself  ap|)licable  tt)  further  exertions.  If  Bichat  foimdcd 
1 1  iNt»)lngy  more  1  luMHH'tieally  by  the  laying  down  and  consistent  work- 
ing (»ut  of  a  Mstcni,  SrltwiUiN  has,  by  his  investigations,  established 
it  upon  faeis,  and  thereby  won  for  himself  the  second  laurel  in  this 
field.  'Hiat  which  science  has  done  since  Sr/twann  down  to  our 
own  time,  has  been  indeed  of  the  greatest  inij>ortanec  to  physiology 
and  nu'dieine ;  and  iu  fact,  of  high  value  even  in  a  purely  scientific 
point  of  >ie\v,  in  so  far  as  many  things  only  indirectly  or  shortly 
<li>euss,»l  bv  S.'htr.ftm,  sueh  as  the  origin  of  the  cells,  the  siguifica- 
tion  o\'  till'  ee!l-nucleus,  the  development  of  the  higher  tissues,  the 
«lienne:d  «-on«litii»u  «>f  them,  etc.,  have  been  further  advanced;  but 
nil  thesr  ilisroviries  are  not  of  a  kind  to  lead  us  to  any  material 
rvliiii  inio  a  new  epoch.  If,  without  pretending  to  be  a  prophet, 
i(  In  allmMil  nu'  to  speak  of  the  future,  the  condition  of  Histology 
\nll  uol  advanee  until  we  succeed  in  looking  essentially  further  into 
the  depHiM  of  (U'ganic  structure,  and  in  pevcetcinff  the  elemcntSy 
,./  tvhwh  thrJ  which  we  ut  present  regard  as  simple^  is  composed^ 
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were  the  only  possible  or  existing  elements  of  animals.  Schwann^ a 
ideas  also  of  the  origin  of  cells,  although  considerably  modified 
and  extended,  have  not  been  essentially  altered,  the  cell-nucleus 
being  always  present  as  the  principal  agent  of  cell-formation 
and  midtiplication.  We  have  advanced  least  with  reference  to  the 
laws  which  prevail  during  the  origin  of  the  cells  and  higher  ele- 
ments, and  our  knowledge  of  the  elementary  processes  during  the 
formation  of  the  organ  must  likewise  be  designated  as  being  still 
very  defective.  Yet  the  proper  path  for  clearing  up  these  points  has 
been  taken ;  and  a  consistent  investigation  of  the  chemical  con- 
ditions  of  the  elementary  parts  and  of  their  molecular  forces,  as 
it  has  been  conducted  by  Bonders,  Dubois,  Ludwig,  and  others, 
together  with  a  more  and  more  searching  microscopical  analysis  of 
them  which  has  been  so  useful  in  the  nervous  system  and  muscular 
fibres,  and  a  histological  treatment  of  embryology  which  has  been  at- 
tempted by  Reichert,  Vogt,  myself  and  Remak,  will  certainly  lift 
the  veil  more  and  more,  and  lead  step  by  step  nearer  to  the  per- 
fection of  the  science,  although  that  may  never  be  quite  attainable. 

§  3.  The  aids  in  the  study  of  Histology  can  only  be  shortly 
mentioned  here.  With  regard  to  literature,  the  more  important 
monographs  will  be  fonnd  cited  in  the  individual  sections,  and 
only  the  larger  independent  works  will  be  enumerated  here. 
Schwann's  Microscopical  Investigations  on  the  Accordance  in  the 
Structure  and  Growth  of  Plants  and  Animals,  Berlin,  1839  (pub- 
lished in  English  by  the  Sydenham  Society  in  1847),  deserves  the 
first  place,  as  the  most  fitting  introduction  to  Histology.  Besides, 
we  have  to  mention  X.  Bichat,  Anatomic  Generate  (torn.  iv.  Paris, 
1801) ;  Ew  H.Weber,  Handbook  of  Human  Anatomy  by  Hildebrandt 
(vol.  i.  General  Anatomy,  Brunswick,  1830) — an  excellent  work 
for  that  period,  and  even  yet  indispensably  necessary,  both  as  such 
and  as  a  mine  for  the  older  literature ;  Bruns'  Text-book  of  General 
Human  Anatomy  (Brunswick,  1841)  —  very  clear,  concise,  and 
good;  Henle,  General  Anatomy  (Leipsic,  1841),  with  a  classical 
exposition  of  our  knowledge  of  the  elementary  parts  in  1840,  nu- 
merous original  statements,  and  physiological,  pathological,  and 
historical  remarks;  G.Valentin,  article  "Tissue,"  in  Wagner's 
Handworterbuch  der  Physiologie{\o\A,  1842);  Quain  and  Sharpey's 
Anatomy  (3  vols.  London,  1845 — 47,  6th  edit.  Lond.  1856)— the 
histological  part  done  by  Sharpey  most  excellently;  R.B.Todd 
and  W.  Bowman,  The  Physiological  Anatomy  and  Phxjsioloq^  0/ 
Man  (2  vols,  London,  184s — S7) — based  principally  wpon  mNe«»- 
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ti?anoDS  of  their  own,  veiy  valuable;  Bexdi,  Haandbog  i  den 
aim imh  li f^  A n a 'o  :^iy  {  Kiobenharn^  1 846 — ^47) ,  with  numerous 
historical  reviews;  A.  Kollikek,  Human  Microscopical  Anatomy 
or  Uiitolof^i  *2nd  vol.  S/'^cial  Histohyjij,  2  part«,  Leipsic,  1850 — 
54 \  with  an  ei position  of  the  intimate  structure  of  the  human 
orjans  and  $y5tems;  Glrlach,  H<iHJ/*ook  of  Histologi/ {2nd  edit. 
1853 — 54;  Heft.  i.  and  ii.- ;  Leydig^  Higtolo^jy^  Human  and  Com- 
paratire  ( Francfurt,  1857.. 

Besides  these  authorities,  consult  the  Jahr€fherichte  of  Henle^  in 
CAXXSTATr's  Jahresbcrichty  and  those  of  Reichert  in  Mullee's 
Archirci. 

Patholoiiicixl  HUiolo'Vjy  which  is  indispensablv  necessary  for  any 
one  wishing  to  obtain  a  general  point  of  view  on  Normal  Histo- 
log}'y  has  but  few  comprehensive  works  to  show.  I  may  mention 
J.  McLLER,  On  the  Intimate  Structure  and  the  Forms  of  Morbid 
Tumours  (Berlin,  1838);  J.  Yogel,  Icones  Histoloffiae  Pathologicae 
(Lips.  1842);  Gi'NsBrRG,  Patholoijical  Histolociy  {7.  vols.  Leipsic, 
1845 — 48)  J  Lebert,  Phimolooie  Patholoifi*jue  (2  vols.  Paris^  1845)  * 
J.  Wepl,  Outlines  of  Pa thohh/ica I  Histology  (Vienna,  1853).  ^^ 
sides  these,  the  Treatises  of  R.  Virchoic,  who  of  all  living  patholo- 
gical anatomists  has  made  the  best  observations,  in  his  Archives, 
and  in  the  Wurcbunj  Proceedintis,  are  of  the  greatest  importance. 

Useful  Fijures  are  to  be  found  in  all  the  works  cited  above,  with 
the  exception  of  those  of  Bichat,  Weber,  and  Bruns ;  further,  the 
drawings  of  injections  in  Berres'  Anatomie  der  Mikroskopischen 
Gebilile  des  menschlichen  Korpers  (Heft,  i — i2,Wien,  1835 — ^42), 
are,  for  the  most  part,  excellent;  as  also  the  representations  of 
tissues  and  organs  in  R.  Wagner's  Icones  Physiologicae  (2nd  edit.) 
contributed  by  A,  Ecker.  The  drawings  of  C.  J.  M.  Langenbeck, 
Mikroskopisch-anatomische  Abbildungen  (Lief,  i — 4,  Gottingen, 
1846 — 51) ;  DoNxt,  Cours  de  Microscopic  (Paris,  1844),  with  Atlas; 
A.  H.  IIassall's  Microscopic  Anatomy  of  the  Human  Body 
(London,  1846 — 49) ,  and  of  Maxdl,  Anatomie  Microscopique  (Paris, 
1838 — 48),  are  indifferent :  on  the  other  hand,  those  of  Quekett, 
in  his  Catalogue  of  the  Histological  Series  in  the  Royal  College  of 
Surgeons  of  England  (London,  1850,  vol.  i.),  are  well  executed. 
Funkk/s  Atlas  to  Lehmann's  Physiological  Chemistry  (Leipsic, 
1852),  is  also  very  good. 

With  regard  to  Microscopes,  I  am  of  opinion,  that  of  the  more 
readily  accessible  on  the  continent,  those  of  Oberhduser  and 
Nachet  rank  highest.  In  Germany,  P/5mZ,  Schick,  vad  KeUner ; 
*  i  Italy,  Amici;  and  in  England^  Ross,  Powell,  Smith  and  Beck, 
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ti£^ations  of  their  own,  very  valuable;  Bendz^  Haaiidhog  %  den 
almindHlige  Anatoniie  (Kiobenhavn,  1846 — 47),  with  numerous 
historical  reviews;  A.  Kolliker,  Human  Microscopical  Anatomy 
or  Ilistolojy  (2nd  vol.  Special  Histolo(jy,  2  psirts,  Leipsic,  1850 — 
54),  with  an  exposition  of  the  intimate  structure  of  the  human 
organs  and  systems;  Gerlach,  Handbook  of  Histology  (2nd  edit. 
1853 — 54*  Heft.  i.  and  ii.) ;  Leydig^  Histology^  Human  and  Com- 
parative (Francfurt,  1857). 

Besides  these  authorities,  consult  the  Jahresberichte  of  Henle^  in 
Cannstatt's  Jahresbericht,  and  those  of  Reichert  in  MUllek's 
Archives. 

Pathological  Histology^  which  is  indispensably  necessary  for  any 
one  wishing  to  obtain  a  general  point  of  view  on  Normal  Histo- 
logy, has  but  few  comprehensive  works  to  show.  I  may  mention 
J.  MtJLLER,  On  the  Intimate  Structure  and  the  Forms  of  Morbid 
Tumours  (Berlin,  1838);  J.  Vooel,  Icones  Histologiae  Pathologicae 
(Lips.  1842);  GiJNSBURO,  Pathological  Histology  (2  vols.  Leipsic, 
1845 — 48) ;  Lebert,  Physiologic  Pathologique  (2  vols.  Paris,  1845)  9 
J.  Wedl,  Outlines  of  Pathological  Histology  (Vienna,  1853).  ^^ 
sides  these,  the  Treatises  of  JB.  Virchow,  who  of  all  living  patholo- 
gical anatomists  has  made  the  best  observations,  in  his  Archives, 
and  in  the  Wurzburg  Proceedings,  are  of  the  greatest  importance. 

Useful  Figures  are  to  be  found  in  all  the  works  cited  above,  with 
the  exception  of  those  of  Bichat,  Weber,  and  Bruns ;  further,  the 
drawings  of  injections  in  Berres'  Anatomic  der  Mikroskopischen 
Gebilde  des  menschlichen  Korpers  (Heft,  i — i2,Wien,  1830 — 42), 
are,  for  the  most  part,  excellent;  as  also  the  representations  of 
tissues  and  organs  in  R.  Wagner's  Icones  Physiologicae  (2nd  edit.) 
contributed  by  A.  Ecker.  The  drawings  of  C.  J.  M.  Langenbeck, 
Mikroskopisch-anatomische  Abbildungen  (Lief,  i — 4,  Gottingen, 
1846 — 51) ;  D0NN6,  Cours  de  Microscopic  (Paris,  1844),  with  Atlas; 
A.  H.  Hassall's  Microscopic  Anatomy  of  the  Human  Body 
(London,  1846 — 49),  and  of  Mandl,  Anatomic  Microscopique  (Paris, 
1838 — 48),  are  indifferent:  on  the  other  hand,  those  of  Quekett, 
in  his  Catalogue  of  the  Histological  Series  fn  the  Royal  College  of 
Surgeons  of  England  (London,  1850,  vol.  i.),  are  well  executed. 
Punke^s  Atlas  to  Lehmann's  Physiological  Chemistry  (Leipsic, 
1852),  is  also  very  good. 

With  regard  to  Microscopes,  I  am  of  opinion,  that  of  the  more 
readily  accessible  on  the  continent,  those  of  Oberhduser  and 
Nachet  rank  highest.    In  Germany,  Pldssl,  Schick,  and  Kellner ; 

'^-^ly,  Amiei;  and  in  England,  Ross^  Powell,  Smith  and  Beck, 
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simple  oneSy  and  which  are  most  fitly  designated  higher  elementary 
parts.  Such  a  coalescence  has,  hitherto,  been  observed  only  in 
cells  with  certainty,  and  many  of  the  tubular  and  fibrous  ele- 
ments of  the  body  proceed  from  it. 

§  5.  Fluid  and  solid  intermediate  Substances, — Whilst  in  plants 
the  elementary  parts,  in  most  cases,  are  directly  united  with 
each  other^  a  special  fluid,  pulpy,  or  solid  intermediate  sub- 
stance is  very  widely  distributed  in  animals,  which  is  often  sub- 
servient to  quite  specific  purposes,  as  the  blood  and  the  juices  of 
glands^  and  is  always  ultimately  derived  from  the  blood,  and 
more  closely  or  more  remotely  related  to  it.  When  such 
an  intermediate  substance  participates  in  the  formation  of  the 
elementary  parts,  it  may  be  called  formative  fluid,  cytoblastema, 
Schleiden  (from  KVT<y$  vesicle,  and  pKourrrifjM  germinal  material),  if 
it  be  present  for  the  maintenance  of  them,  it  is  denominated  nutri- 
tive fluid;  when,  lastly,  it  has  nothing  to  do  either  with  the  one  or 
the  other,  it  is  designated  fundamental  or  connective  substance. 
The  cytoblastema  is  usually  perfectly  fluid,  as  in  the  blood,  cliyle, 
many  juices  and  glands,  the  contents  of  glandular  follicles,  and  in 
many  embryonic  organs ;  more  rarely  mucoid  and  viscid,  as  in  the 
gelatinous  areolar  tissues  of  embryos  (see  infra).  Tlie  nutritive 
fluid  occupies,  in  fully  developed  organs,  the  place  of  the  formative 
fluid ;  and,  except  where  it  is  contained  in  special  canals  and  spaces, 
as  in  bones,  teeth,  and  in  many  organs  composed  of  connective 
tissue,  is  present  in  such  a  small  quantity  that  it  cannot  be  directly 
observed.  A  fundamental  substance,  lastly,  occurs  in  the  cartilages, 
and  in  the  bones  forming  from  these,  also  in  the  teeth,  as  a 
firm,  or  even  bony,  hard,  homogeneous,  granular,  or  even  fibrous, 
connective  mass  of  cellular  elements,  which  arises  partly  as  a  secre- 
tion of  the  latter,  partly  from  the  blood  independently  of  them. 

The  occurrence  of  a  solid,  fundamental  substance,  directly  deposited  from 
the  blood,  shows  that  all  the  solid  pai-ts  of  the  body  are  not,  without  excei)- 
tion,  forme<l  from  cells  or  in  dependence  upon  them,  as  Schwann  was  disposed 
to  assume.  It  is  likewise  certain,  that  in  pathological  fonnations  such  masses 
occur  very  extensively,  the  fibrinous  exudations,  especially,  being  capable  of 
becoming  tran8f<jrmed  into  pennanent  pai-ts  or  tissues,  without  preliminary 
organisation,  i.e.  formation  of  cells. 

A.—SIMPLE  ELEMENTARY  PARTS. 

I. — Crystals,  Granules,  Filaments,  Vesicles,  Nuclei. 

§  6.  When  the  simple  elementary  parts  are  compared  NvilYv  ow^ 
zxioiher,  there  results  an  entire  series  of  forms.    The  most  ^mi^Y^  oi 
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:. .  :r'«^  l:  •.:.-.n-:>tv*  i^  &  f  .rn.  ▼lici.  i*  iJso  net  with  in  inor- 
,-- .  .  r.iV.r-.  l-aH-.'-t.  &•  .--.•■..•  Jkiji  .— .r^.V^f  '•Mrijfc'^;  vet,  in 
::-:;•.  'it  .•:-i*r.  *•-:!  f.ms  loi-  t-ctt  rire  &&  nc«nnal  histological 
j^r*  •  1  :•••*.  ^•2L.:-:ir-.- •-*  ;.trr::i-:-*  1:1  ossiirin^  cartilages), 
T»L..v  .L  1:.. :..•.'.*.  :  ir:: --La/.T  :i:  :i.e  inrrnebraie  siliceous  and 
c^o-r.  •-•  '>•.-*  •::  >:•  uir-^.  r»:'!vTL  s.ulusca,  etc.,  calcareous 
<rv*::^«  •:.  :':.v  V-riiu  ii-i  nerr-^  -..f  ihe  b&4r&cfaia  .  and  in  patho- 
1  'S.."x.  :  rriAi: :.:."*  cr}>tAl*  t-f  htaiAtine,  bilifulvine,  cholestea- 
r.::-  .  tii-r-arcv:-  (\':.crv:i-ia*  in  ;ci'in:*  .  tbev  are  £npquent  pheno- 
Hi  :.:i.  O:.  thv  "Tl.er  i.arni.  am«.»rphou*  b-zmiios.  consisting  of  organic 
*.'"'::■.!. '^■*.  ar-'  ^^■n•  c.»!i:i:.'U  :  :ha:  i*  to  sav.  in  almost  all  animal 
:'  :.':•.  wh- : '.!.  r  i-^':*t;.::.C"l  ia  canal*  or  inclos>c?d  in  cell*,  as  ako  in 
mai^v  nnii  ti-^^iu-^.  there  are  found  in  variouf,  even  in  enormous 

irrn^iCTs.  r.iuii«i>h  jn^nule*.  mostlr  of  vcrv  small,  scarcelv  mea- 

•  ■  '  • 

>-.ira'*ilv  *:z-\     //•■■'•    ha«  called  them-/',   i-nfarv  •?riiii!#/<:^,  and  ex- 
prt"i^l  the  «iipj»jMtion  that  they  are  vesicles.    This^  however,  is 
not  evtn'whire  th«-  cas*-,  inasmuch  as  it  can  be  demonstrated  that 
many  of  thoM:*  cor|>u«cle<  po^^css  no  envelope.     To  this  category 
iK'loni:  the  fat  {\ny\ri  wliieh  occur  in  many  cells,  and  in  numerous 
seen?tii>n>  of  iiland'^,  the  pigment  granules  of  the  black  pigment  of 
the  eye,  and  of  tnher  coloured  cells,  the  yelk  granules  of  batra* 
chian  and  pIa?io7«tomian   ova,  and   the  proteine  granules  found 
in  most  cells  and  juices  of  glands,  as  also  in  certain  parts  of  the 
gray  substance  of  the  central  nerrous  system.     Of   the   patho- 
lojrieal.   yet    very   frecjuent    formations,  the  granules  of  the  co- 
lon riii;Lr  matter  of  the  bile  in  the  hepatic  cells,  the  pathological 
granular    pigment    and    the    deposits    of  fat    granules,   as   also 
the  colloid -granules  in  the  thyroid  and  other  parts,  and  the  car' 
puscHfa  amylacea  of  the  central  nen^ous  system,  are  also  to   be 
I'lassitied  luTc,  although  thev  occasionallv  assume  a  verv  consider- 
al)le  size.     AH  these  granules  arc  destitute  of  the  phenomena 
whieh  an*  observed  in  the  higher  elcmcntar}'  parts,  as  of  growth 
fr(»in  within  outwards,  of  multi})lication,  of  taking  up  and  giving 
oir    matiMMal,    and  are,  in  so  far,  still  very   closely   allied  to  the 
pin'ely  inorganic  forms.    Closely  related  to  these  formations  are  the 
elementary  fibres,  isolated  finer  or  coarser  fibres,  which  are  deve- 
lopcnl  without  the  co-operation  of  nuclei  or  cells  by  the  differentia- 
tion of  a  homogeneous  substance.     Such  fibres  arc  met  with  in  the 
matrix  of  many  true  cartilages,  as  also  in  many  reticulated  carti- 
lages, and  in  many  pathological  formations,  and  may  even  present 
a  growth  in  thickness  by  apposition,  as  in  reticular  cartilages. 
Elementary  Vesicles  are   likewise  very  frequcntj  and  most  of 


.  \ 


'^ECT.  7,  8. 


..-.'.--  .                          >  ■     .  ".  ■_  *.  i.- "vvcr, //flr/iii^ 

..    _      ;  _...--_  V       :  .%u>:  *i:   :_' -T-rc  certainly 

-    ....     -  -           ....--   i.--^:  -  rl-c..  _•;:  with  water 

..      -      .1-   _..;■:      ITi-'.i -.  1.  c.u     Besides, 
^  ..-  — .-•  ..-> -  -.       v>.  L.:     :  .Iri-iic;*!  indueuce, 

-  .         :    --    .      ."'...  ^.     :V-  .-«'.  !>:--:  ziVriae:    and  by 

r.   -     .            -  -                   "...  .^ ;-_.!... -t:.r- li?  Lis ''-cen  observed 


V 


V   .  ,  .    -  --.   . :  ...• . ,'.-:- lz.zltj  ixl.?  :t  nuclear  cells, 

Ar,- o."  ■    .    >,  .  ' ->  .  -'^.  :  :.«:  —  :  ::     .    -    of  a  line  in 

I  .-  ^.  ?"  :..  :z  '■L::':.  a  «y<vial  inr*'lope, 

-:^  .ill,;  :.\Uf»U  are  to  be 

'^  .i.  •:     J  .  >!..  '      Tit  litter  altravs  consist 

■  -,.        X  . :  ~  .. :  j:  .:  . :  :*.  r:i:cv:  r,5Ji:cies  of  this  or 

. :'  t".  .:  ">..:  .:.  .j:.:  -^i  a  sjvcial  roundish 
.   _  ^         ''.»*v.  :*.,;      ■*-     ;'.  .*.  niiioli  a^rain  con- 

*.,.•...>  :'..:  I  i:..:  ^  >::11  sindlcr  corpuscle, 
\     "^^  t.e    .  '  •.  :::  ::>  ::;::r:or.     These  cells, 

V. ';.::  ari:  v?  \<^  c^.  tisitkrwl  as  being  cn- 
/..  .vl  ^^-.t;.  >:\v:;J  vital  r-owors,  and  ca- 
:  .'  '.c  c:  t.i'x::.^  ;:p  ;uii  c.^nsuniinsr  matter, 
:is  ^u".'.  .IS  o:  ^rv^vih  and  of  muliiplication, 

^^        >  n.:  v^v.lv  >*.\c:Y  LViistiruio  the  bodv  of  the 

•  •  • 

Ir.uiun*  :'.!Ik1  v-:' u;os:  vt*  tV.v'  '..-  ^cr  :Ui::i>.:i!s  in  tlu-  tii-st  periods  of  life, 
but  :il>o  i.hnost  sv^'.oiv  ^r.\:v.v\  tlio  l.ijhcr  ikinentarA'  parts  of  the 
tully  f  rmod  bv\U .  N,i>.  ovdi  i:v  fiillv  ::r.>«:i  animals,  iho  elements 
arc  mot  with  i!i  \^M-y  i:i;iny  pl:\i\*s  in  tiio  >ia4ilo  eonJition  of  cells; 
and,  as  such,  participato  more  or  less,  often  quite  decisively,  in  the 
ori^anic  functions. 

J  8.  A  closer  inspection  of  the  condition  of  the  cells  shows 
thf:  following.  Their  fundamental  form  is  that  of  a  sphere  or  lens, 
wliioli  bchjnirs  to  all  colls  in  their  first  period  of  life,  to  many,  as 
«r^j,.cia|jy  tho^c;  situated  in  fluids  ^blood  corpuscles  and  others), 
v*ni  f.;uiily.  The  foilowinjr  forms  appear  more  rarely :  i.  The 
P'»l>7on;il  rpavfrnent  epithelial  cells).  2.  The  conical  or  pyramidal- 
hhnpr.l  rriliatcd  epithelium).  3.  The  cylindrical  (cvlindrical  epi- 
lb«lmiiij.  4.  The  fusiform  (contractile  fibre-ceils).  5.  The 
MliiiiinoiiH  (epidermic  plates).     6.  The   stellate  {ner\'e.cells;.    The 


'"  — II  "•  r-*31»Mil"LES-     "sect.  9,10. 


If    1.-  -..'_-.; '.1-  t-ii-?  i;.*,?e   on  the  ex- 
:.  -:■    '  r  :"  :  ri. .:..:!-:■.  tL&:  the  original 


1 :  :   tir 


...  • 


fc  ■  ^        •  *>    %      *  mm. 


\cr-   c>* 


i  r.  r^j".:  ::•  :hv  rVnr.ation  of  cells, 
'-..    VT^c-en   the   r/.-  rn^jt'n   of 

~  >  :rs:vu:td.  the  occurrence 
'  ":.  r.  -::i  :rore  doubtful:  and  it 

:.r  *  \  a*  :r.  pla::t>.  in  dependence 
[r-  :*..  «  :  r.xvs'5.  ol  ei-U-niultiplica- 
r.  ^:::.tr  jr.-duvV  Sk^ooudary  cells, 

.::■•:*:  •:: — ».  •    '.«■•/.*  c#.7/-fl»rw?^- 

T":.c  cvll-iuieiei  always  play  a 

:ca::  ::  ::  e\\l«.  and  appear  as  the 


>  •■  « -  V  •  I 


c  » 


•  II. 


I  • 


*•      V 


.  :  .-  :  .1-,  ::.  .-  -..■.r^  ■..-•.:  ."-.rr.  ::-  t  ^Ar.rs,  re^TAnloii  tho 
."  ::.-■.■  r.  i*,* '..:_■  ■  -:  :...'.*:":•.■:-.:.: — ::..»•'•■•-.•:  ho  intervention  of 
■  •  :  .  ".  -. :..  -•.  .-1  •  ..  .  \  -. ■  ■.  '  —  "  ^rv. r<  ire-  :.  "v  .'  iiiir.j:  more  and  more 
!  :"...  ;  :.  "  >  : .  *'..  .-  . .  ■  \  :■..  :"..  *  r- -:-:::  .\-\-...^>  an.l  rI:UiTs  asrree.  As  for 
i:".-\  I  "  ...  .!-^. .. ".  ■  1  :  J  *  ■  . ."  ""..  ■'  .  .'-'i*  ".  '  '.'_•  *  :•  i?++;  Ana.d.^r.  Xat. 
s?.  •'..»'  .:.  -.*...*.  "  s  il.  :"...  ".■."s?:-.  -  ..:.  '  :".:  -v-  .:  •.•it  'leSvViidanti*  of  the 
..■'!-  "....':•.  *.;*.■:  .»■-...  xr.'.:  :"...  /-■-.»■.::  j  :  ::>.'  v.'.k  :  fi::-l  that  even  in  the 
i*  I  .".•.  .-.  :'...  :..  ■^'  "il..  -'.>:::  iv;  I  :■.-*;. 5  ivu>:ai::rj  of  ctlK  as  in  the 
L.r.  '..,•>  .»:. ;  ::.  ).  r..  ::,-:  :\'\  "..:  r.  '**:.:  r-:    .:c:t.      Aoooniiiigly.   I    found 

!..••>  ■■  V-  :  -••  .:...:.  ::.  :1.-'  r!>t  tv..:i  r.  <:  ::.v  t"it^rT:..in  J/jiiJiool'  of  HiAti}- 

•  •  • 

/  '  .  T  '.i::.:T  :"...  :*'.-.^  v *.!"-:'  r....r.:.vi  vcrv  :..'.;oh.  i^^-.iie  reoontlv,  Virchoic 
(i:i  //■  r.  :■  •.  *.  \  P  :•'  .h.  T' ■:  ■  \:  :•..  i?5+.  1  •  5  =  9  .  h.is  niiule  known  a  series  of 
facts.  fro!.i  :l.o  -u :  arv.ue:.:  <•:  \kV.\.  '•  ^■\-.%*  ;::.:r'.>:.iv.  wliioh  sh«>w  that  in 
iiiATjv  iLuvs  wiuri"  !.-rii.orIv  a  frto  oi'I-tVnnavl.u  w.k*  a«liiiitted,  it  dix?s  not 
^Kvur.  If  t.*  tho>«.'  f.ioT>  lire  .1  M'j'l.  ::.o  now  o^.sc^vation.s  of  Pi rr^ofr,  with 
reg-.ir.l  to  \]w  iK'Vt'.,ii.uu :.:  •  f  1-  !ics,  ii-*  well  as  the  recent  investigations  into 
t!io  f  •rii;:;:i.iii  of  the  Uiu|i!i-v^t|'!>i;K>.  wc  nuiy  iudeed  concUule,  that  a  free 
funuation  <if  ioiI>  iK-os  not  anvwhcro  e\:s'. 

^  10.  MtiUiji^icafion  nf  Ctll^  In  />/r'>/i)«,  is  much  more  widely 

p..,^  .^  distributed  than  has  hitherto  Ijcen  sup- 

-^               j^'^  posed;    it  being  highly  probable  that 

C^             k^  "^^    ^''^   entire  growth  of  the   embryonal 

w               Y  Vr      and  fully   developed  cell-tissues,  with 

^  -         ,  \  >.">!      the   exception   of   cartilage,    is   solely 

i2/        fe/  ^      effected  by  division.     Thi»  process  is 

i;w-i  Kiubnir.  of  ci.irk.  in  the  act  casily  obscrvablc  in  free  cells  susi)ended 

or.|,vHlo...-   .M«;5..in..l3a0dianictcn..        j^    |j^jj^   ^    '^^    ^^    ^^    ^^;^    CoIoUtIcSS 

bl(HMl-eellH  of  mammalia,  birds,  and  amphibia.   Here,  in  elongating 


"k:i.t 
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^^    ^ 


•■^ 


~:  ^-  I.'-:  "-"^  "rr-r-i  :a  one  cell  several 

■  z  :..  -i^    rz-i^  :*-c  total  contents  of 

..     -   - .-   >ijn-:  -Lz_:cr  ot  parts  as  there 

-'^-■*    ■-'  -  -^-z X  1.  r~cleas:   and,  lastly, 

-■"  >--.  ~  rn  ir;^-i  these  portions  of 

::-:  <:  :■  :"^    V-  :        To  this  category 

--.■    :    -:j:  t'.:    fe-relopment  of  the 

I    V-:  ."•■■-  r:  in  MrilL  A  rch. 

-.  -   i-T-     *  -'-e  yelk,  a  peculiar 

:r^  •:    :  -jie  r.rs:  development  in 

:»   ^  -TL-'-  ••>  i*  in  iatr^>duction  to 

-■*    •     ^  "■--    cnbryo.  and  because 

J  I  >L-  :  .f   ot:lI.  comes  nnder  the 

ATT.r  :'~^  primitive  nucleus 

:c  :-z  .T-ilir cell,  the germi- 

:  !_  f  ->Kv  >.  has  disappeared 

:?.  ::vzz  ".Arlon.  the  granules 

.:  :r.-:  yilk  no  longer  form 

:v:   cr:r.:paot    heap    as    for- 

r.:r!y/->u:  become  scattered 

i:  i  r.'.l  up  the  whole  ovular 

.    v'^...     Then  there  arises,  as 

:r.e  r.r^:   sijni  of  the  com- 

:v. :  r.cir.  j  development,  a  new 

v.-eljxis  in  the  midst  of  the 

yi"..<  .^^■■•""  •'■  '■-'^  v.'.U-.\  .  >     k .  ^>:;.c  r.r«:  nue'.eus  of  the  embryo, 

w:.::'.  ^^•-  r  -^^  -^  V^  -"  •  ■     "^  :    ::  i:v<':i  the  yolk,  again  unites 

i:-  •-  '  '" -riv.  A  >v*:.cr-..'.U  r.i.-p      1-   :h-  r.mhcr  progress  of  develop- 

nv.!'.  ^''^^'^'    •*^^'   tVr:::-.:  rr  :v.  :':.o  rrst   niieleus.  by  endogenous 

pro*:-' -i  ''^-  '^*'^  "^'^^   '"■*^'^    «:/:.•■;.  a>  sx^a  as  they  have  become 

fjce  ^v  "^-^  nso-u:  r^.i  of  ih;'  iv..:!.cr.nuclcu<.  separate  somewhat 

frum  oil*-  an  .'rill T.  iu:  .■>  new  ecntri^  upon  the  yelk  granules,  and 

thi^  the  iriuiitiu   lui\i^  break*  up  into  two.     The  multiplication 

<X  nuclei  aiJ«l   vilk   <e^meuts    ihe  former  always  pn^eeding  the 

IjittrrF;  then  i»rKvril>  in  a  similar  manner  till  a  very  large  number 

f,f  '•mnll  sc;{n\{iit>  uie  present,  tilling:  up  the  ^^  hole  space  of  the  yelk 

vt\\^ ;  it  is  only  exceptional  that  the  yelk  segments  do  not  break  up 

until  til*'  iniflci  have  multiplied  to  three  or  four;  so  that  three  or  four 

H  "fiiMitH,  iiiHliad  of  two,  are  directly  formed  from  each  of  them. 

Till'*  prorc«<ji  is  called  tlu;  total  rlfuvnae,  l)ecausc  here  the  entire 

yi  Ik  Ihtoiihh  arraiif^fd  around  the  newly  formed  nuclei;  the  par- 

litil   i'\i\\\\n\t,i*  cHwiitially   agrees   with   it,  only   diflfcring   in   the 
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selves  or  to  deposition  upon  the  outer  surface  of  the  ccU-mcm- 
brane. 

The  Nuclei  and  Nucleoli  also  participate  in  the  growth  of  the 
cells  to  a  certain  degree;  and  the  former,  more  especially,  present, 
together  with  an  omnilateral,  an  unilateral  growth,  in  consequence 
of  which  they  become  elongated* 

§  13.  Processes  toMng  place  in  the  Interior  of  Cells, — In  order 
to  obtain  a  clear  insight  into  the  processes  going  on  in  the  inte- 
rior of  cells,  it  would  be  especially  necessary  to  have  a  more  accu- 
rate knowledge  of  the  chemical  properties  of  their  contents  than 
we  now  possess.  Only  two  kinds  of  cells,  the  ovum  and  the  blood- 
cells,  have  been  more  carefully  investigated;  but  these  arc  so 
peculiarly  conditioned,  that  they  can  scarcely  serve  as  types  of 
cells  in  general.  Nevertheless,  from  their  analysis,  some  conclu- 
sion may  be  drawn  as  to  other  cells,  and  from  such  analysis  com- 
bined with  what  micro-chemical  investigation  furnishes,  we  may, 
perhaps,  be  warranted  in  regarding  cell-contents  in  general  as  a 
moderately  concentrated  solution  of  proteinc,  with  alkaline  and 
earthy  salts  and  dissolved  or  suspended  fat-particles.  Many  cells, 
however,  differ  very  considerably  from  this,  which  is  undoubt- 
edly the  ordinar}^  condition  of  all  cells,  at  least  in  the  young  state, 
in  so  far  as  in  them  some  of  the  above-mentioned  constituents 
preponderate  very  much,  or  entirely  new  substances  are  super- 
added. Thus,  there  are  cells  with  much  proteinc,  as  the  ganglionic 
globules ;  and  with  much  fat,  as  the  fat-cells,  the  cells  of  sebaceous 
glands,  and  the  mammary  glands,  etc. ;  further,  cells  w^itli  luema- 
tine,  pigment,  constituents  of  the  gall  and  urine,  mucus  (epithelial 
cells),  serum  (pathological  fat-cells,  corpuscles  of  connective  tissue, 
lacunae  of  bone) ,  etc. 

The  phenomena  manifested  by  these  so  variously  constituted 
contents,  during  life,  may  be  best  designated  as  —  abjsorption, 
assimilation,  and  excretion. 

These  are  chiefly  owing  to  chemical  and  physical  causes,  and  may 
for  the  most  part  even  be  followed  with  the  microscope,  seeing  that 
changes  in  the  form  and  contents  of  the  cell  very  frequently  go 
hand-in-haud  with  them.  With  regard  to  absorption,  it  presents 
itself  in  all  cells,  and  the  primary  cause  of  the  entrance  of 
material  is  simply  to  be  sought  in  the  capability  of  imbibition  of 
the  cell-membrane  and  contents.  Tliis  imbibition  is,  however,  not 
to  be  understood  as  if  the  cells  admitted  indiscriminately  ?v.W  ^xxVi- 
stances  wpproaching  them ;  on  the  contrfxry,  they  present,  aceotiVvw^ 
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to  time  ami  j»laiv,  quitr  drfinito  rrlations  to  tlio  cytoblastcma, 
n'jfftiii;;  oiu*  nm^titiu'ut  of  it  ami  taking  up  another;  and  the 
simr  tliiiii;  iHHiirs  ^\itli  tlie  absorptive  power  of  those  cells  which 
p(»<srss  conti'uts  from  the  lirst  moimnt  of  their  formation.  That 
this  is  really  the  easr,  is,  for  example,  pmved  by  the  eirciira- 
staiKv,  tli:it  ill  embryos,  notwithstanding;  the  nniforni  formative 
material,  /.» .  the  liKiod-plasma,  fur  all  the  cells,  some  take  up  more 
of  tlie>e,  (»tliers  more  of  those  materials,  and  from  this  n^siilts  still 
more  distinetly  that  the  contents  of  probably  all  cells  arc  chemically 
ililKenMit  from  the  c-vtoblastema  bv  which  thev  are  formed  and  main- 
tained,  as  has  rtTcntlv  been  more  elearlv  demonstrated  in  ova  and 
blood -corpuscles,  the  latter,  for  example,  containintr  much  more 
jHitass  tlian  the  bliMtd.  The  reason  of  this  phenomenon  may  be 
thus  stated  in  ^reneral  terms,  that  the  cell -membranes  do  not  act 
like  simple  filters,  but  allow  one  substance  or  another  to  permeate 
them,  neeordinir  tt)  their  chemical  composition,  the  nature  of  the 
surrouiulinjx  fluid,  their  condition  of  aggregation,  and  their  thick- 
n<*ss.  True  t-n'/i'snit^sis^  which  has  frequently  been  assumed  as 
<»eeurrinir  in  tlu*  cells,  does  not,  according  to  my  obscnations, 
appiar  to  occur,  in  as  nuich  as  the  cells  in  their  totality  rather 
preMMit  the  condition  of  simple  bodies  saturated  with  fluid. 

Tin*  substances  composing  and  taken  up  by  the  cells,  imdergo 
nianilold  mctamorphrses,  in  consequence  of  the  vital  proci'siw. 
These  ///i7.//.ii//V  jihrmunrmt  (Sr/twann)  avc  referable,  firstly  to  the 
«•  ll'iii-  inlnnir^  and  secondly,  to  the  o'll-cofiftufs.  With  reganl  to 
the  former,  this  mm-h  is  certain,  that  the  membranes  of  most  cells 
not  only  become  thicker  and  firmer  with  age,  but  also  assume 
oilier  <'hemieal  |)ropcrties;  yet  it  is  impossible  in  the  individual 
ease  to  say  to  what  the  change  is  due.  In  the  horny  stmcturcs, 
the  ineinhranes  of  the  voun;>:  cells  are  readilv  soluble  in  alkalies 
and  .jcid,  whilst  subst  (picntly  they  resist  it  in  part  very  much; 
tin*  same  thing  is  found  in  the  higher  elcmentar)' parts,  as  the 
ner\e-tMl)es,  animal  muscular  fibres,  and  the  capillaries,  in  which 
\\\r  sarcolcmma,  tin*  sheath  of  the  nerve-tubes,  and  the  capillary 
nieiiihrane,  which  ha\i'  tin*  signification  of  metamorphosiscd  cell- 
niembranes,  re- act  (initc  diirercntly  from  the  primitive  formative 
ci'lls.  ill  the  cartiiagc-ccrlls  also  the  membranes  become  more  re- 
NJstent  with  age,  and  the  same  occurs  with  the  cell-membranes  of 
the  ova  of  nnniv  aninnds,  as  i.N  best  shown  in  fishes.  These 
(*\amples,  which  might  be  multiplied,  may  suflice  to  establish 
the  occurrciu'c  of  nu'tamoriihoscs  of  the  cell-membranes;  sub- 
sequent  investigation    will   have   to   show   upon  what   tlicse   de- 


i-t  '.riviNc-  ..FF  matek:ai-s.  [sect.  14. 

■  .:'  r*  ^.r.^":  o. ...  1-  -\-w::  V.-  //.  \f.  :.  /  and  others.  In  the  depart- 
n>.:.:  ■  :"  :^:'..  ".  »j-.  .il  :.:.i:.'^iv  irurt- W.ii::  to  this  eateMrv,  the 
f  r::.-:':::*  *.:'  ;  .-.-.  :.'.  :':.-.  ir.':  tiiGor^hosos  of  the  cells  contaiuiug 
^•1  •  V.  c^  r:  :^^.^.  :*.'.    :  >*:::•!!>  --^i  i:\i  in  cells  of  all  kiuds,  etc. 

Mr.:..:"."i  ^  '  .:•'  hand  in  hand  with  these 

c^:r*:-j;<.  ^;.:.  i'i  :':.•:■  u'^  ve-xuciitioncd  ihickouinirs  and  laminated 
iti  >■*:::  •:.*  ;:>.:.  :':.•:  .  :;:cr  >:;o  of  the  Ciill-membranes;  further 
l'ri:-v:p ::*::::;<  in  ::.<:  Ov'.l-*.v:.Ti:u>  of  .a^anules  of  divers  kinds,  as 
J  :'  J :«!!.» :.:.  rw':v.:::  ;::::>  >-.i'<>m:ilC>  .many  cpitheli:d  cells,  hepatic 
cri>.  i:»'.  .  t:.:-  f  r ::.:•: ii.  «.  f  f..:-dni:>>,  clemeutarv  vesicles,  coucre- 
t:  «:>.  crv>::i!'*  r.iiil  i.':».lc:.  Esiii  .--•i  ••  :.'trh\<,  similar  to  the  evclosis 
I'f  p'u!.:^.  r.'.j'j.^r  :■»  *.K.v.:r  in  ivlls  of  the  lower  animals  (seen  by 
n:oin%\'N  vf  l\;yo!i::-:!n  stcllr.tiim  and  iu  Protozoa  (currents  in 
L  \',-iu>  ^iirs?.r!.>,  C'^n:rao::lc  vi>iclos  in  ditferont  genera);  whilst 
un  rl:t'  Lthor  l.;ind.  il*o  />''  :."•."••/»  ;.•■.'. .-'/^ t  morrmtiit,  i.e.  a  more 
or  Kss  aitive  tri^r.-.l-'U-s  motion  of  irrauulcs  without  anv  further 
•7*'?.  '■  r'  *  .  ■'  •  .  v!.:ch  s>  pcTL'iptildi.'  in  many  cells  under  the 
miiTOsv^'ju^  mo<:  ilS:ii;cily  in  the  j)i::nu'nt-cclls  of  the  eye)  can 
scarcely  iic  rockvnui  anion;;  the  phenomena  occurring  during  life. 

^14.  /■'.•^n'-'-i  / Vi ••»',* .w. — The  vetretative  functions  of  animal 
cells  arv*  not  nurily  confined  to  the  takin«r  up  and  transformation 
of  niattt  rs,  hut  niatorials  arc  ti'^nui  set  free,  which  arc  either 
fnrtluT  employed  in  siime  way,  or  are  simply  removed  from  the 
(H'Lrani'im.  In  many  ca>e<.  this  takes  place  by  the  dissolution  of 
the  eclls,  as  in  many  ;:lands  in  which  the  mature  secn*tion  (milk, 
**enun,  eutaneous  st]>accous  matter,  bile  of  the  lower  animals,  ink 
of  the  (^'jt/ifil''jn,J,f\  consists,  so  to  speak,  of  nothinir  else  than  the 
eonlentN  (if  the  gland-crlls.  In  other  instances,  the  cells  remain 
unaltered  whik*  tluv  srerete  substances  c.vtcrnallv,  and  thus  the 
prociss  presents  itself  in  a  two- fold  manner. 

1.  /  W/x  jft'iif  tfir,'  ojf'  mntrrhtU  irhich  t/u'ff  lnnl  talrii  trp  from 
fritlunit  f/ttflf,  rr,/.  This  is  the  ease  with  the  epithelial  cells  of 
the  glands,  which,  like  the  kidneys,  lachrymal  jrlands,  lungs,  etc., 
simply  allow  substances  to  pass  out  of  the  blood,  as  also  with  the 
erlls  lininj,'  the  surfaces  of  the  serous  membranes  and  of  the  exter- 

nal  skin,  and  i)robablv  many  others. 

••  •  • 

2.  rV//.y  nuiji  fnpnviite  finhsUuiO's  ichlch  the^i  have  prepared  xclthin 
tlnmsrlr,',^.  Thus,  the  fat-eells  «rivc  off  fat  in  emaciating  indi- 
vidnals;  the  eells  of  the  liver,  bile;  those  of  the  gastric  glands, 
pepsini!;  those  of  the  mucous  membranes  and  glands,  mucus.  To 
this  catef,a»ry  also  belong  the  secondary  cell-mend}ranes  or  tlie 
<-ariila-cseapsu]es,  lying  extcnml  to  tlie  piiiuitive  cartilage  cells,  as 


k 
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larger  vessels,  perhaps  beloug  to  this  category,  in  so  far  as  they 

appear  to  arise  from  the  secretion  of  fluid  in  the  interior  of  primi* 

tivcly  compact  cell -masses. 

Tlic  application  of  the  doctriDe  of  the  double  oell-membrane  in  vegetable 
celln,  the  primordial  utricle  {Mohl)  and  cellulose  membrane,  to  animal-oeUsy 
took  place  iu  1852,  contem|>uraueously  and  independently,  by  Remak  QAmA^ 
Arch.  1852,  p.  63,  teq.)  and  myself  (l/anJb.d.  Oetttb.  1852,  pp.  14, 29).  Since 
this  time,  my  ol>servations  en  the  cuticular  structures  {Tran$acL  of  the  Ph^s. 
McI.  S*fC.  of  Wursbun/f  viii.)  have  shown  that  secondary  depositions  from  the 
cells,  aujdogous  to  the  cellulose  membrane  of  vegetable-cells,  are  to  be  found 
in  a  great  many  ])lacesy  and  are  often  characterised  by  a  very  particular 
structure,  especially  by  the  existence  of  a  large  number  of  extremely  fine 
jMrcH,  |K3r\'uding  them  in  the  direction  of  their  thickness. 

§  15.  Animal  Functions  of  CelU, — To  the  vital  phenomena  of 
cells,  also  belong  certain  movements  which  appear  in  cells,  of  which 
it  is  extremely  difficult  to  say  whether  they  concern  only  the  con- 
tents, or  the  cell-membranes  also.  They  are  most  simple  in  those 
lower  animals  which  have  the  signification  of  simple  cells.  Here 
there  exists  an  entire  group,  Rhizopoda  {Amceha,  Arcella,  Difflu- 
(fin,  etc.),  the  substance  of  whose  bodies,  without  presenting  a 
(lifTcrentiation  between  envelope  and  contents,  is  capable  of  assum- 
ing the  most  diverse  shapes.  A  similar  amorphous  '^  contractile 
guhntnnce^^  (Ecker),  which  also  may  be  designated  Sarcode  {Du- 
jardin)^  also  occurs  in  the  Protozoa  provided  with  a  special  outer 
membrane  (cell-membrane),  and  here  occasions  the  changes  of  the 
contractile  spaces,  the  movements  of  the  pedicle  of  the  Vorticellce^ 
and  probably  also  the  currents  of  the  fluids,  such  as  are  found  iu 
Ijo.rodeH  burmria^  In  these  animals,  the  outer  envelope  also 
npiMMirs  to  be  contractile,  cither  in  its  totality,  or  in  its  external 
pr(K*^*HHCH,  the  cilia;  yet  it  is  also  conceivable  that  all  the 
ni()V(Mnents  are  only  dependent  upon  the  contents,  and  that  the 
envelope  simply  follows  them  as  an  elastic  body.  On  this  view, 
a  cilium  must  be  conceived  as  being  a  pedicle  of  a  vorticella  in 
miniature ;  in  which  latter,  as  Czermdk  shewed,  the  inner  iilament 
connected  with  the  substance  of  the  body  is  contractile,  while  the 
envelope  is  ehistic. 

In  the  /liffhcr  Animals,  contractile  phenomena  of  this  kind  are 
found,  firstly,  in  individual  cells;  and  then  in  parts  of  tissues 
wliieh  owe  tlieir  origin  to  a  metamorphosis  of  single  cells.  To  the 
former  belong,  i.  CiVm,  external  processes  of  cells,  outgrowths 
which  probably  are  not  only  to  be  regarded  as  prolongations  of 
ecll-membranes,  but  also  of  the  contents ;  so  that  it  cannot  be 
I  whether  their  power  of  contraction  is  to  be  referred  to  the 
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tTs^f'H  which  wc  cannot  but  consider  as  taking  place  in  the  nerve- 
cells,  (Icscr^e  the  name  of  animal  functions,  since  these  processes 
arc  nothini;  cW  than  what  the  physiologist  understands  as  the 
functions  of  the  pray  ner^'ous  substance.  We  cannot,  of  coiurse, 
enter  into  discussion  of  them  here ;  and  the  more  so  since  these 
functions  are  completely  inaccessible  to  microscopical  observation. 

I/ttndiTs  wart  the  first  to  assort  the  opiuioii,  that  only  the  contents  of  cells 
uikI  iiot  tlie  roll-iiu'ni]>niiies  arc  ci»ntractile ;  and,  I  must  ct>nfesSy  that  the 
|iiiij:i;r  I  coiL*»i«ler  the  subject,  the  more  the  iilea  of  JhmJt'r*  pleases  me;  yet 
it  apjM.'arH  to  me  as  still  rather  ]>remature,  in  entirely  denying  the  jwwer  of 
eontnurtion  in  ccll-mt.-m1>rant.'S,  there  being  nothing  c)  priori  to  adduce  against 
thi.i  view,  while  a  decision,  founded  on  fact,  caimot  as  yet  be  formed  in  many 
cases. 

§  i6.  ^fetnmorpho8e8  of  Cells, — Different  Kinds  of  Cells. — The 
destination  of  the  cells  which  occur  at  earlier  or  later  periods  in 
the  organism  is  very  various.  A  ver}'  considerable  number  of  them 
remain  for  only  a  short  i)eriod  in  their  original  state,  and,  subse- 
(piently,  unite  with  others  for  the  formation  of  the  higher  ele- 
mentary parts.  Others,  again,  do  not  indeed  enter  into  any  such 
connections,  but  change  more  or  less  their  former  nature,  as  the 
horny  phit<*s  of  the  epidermis  and  nails.  Many  cells,  lastly,  never 
go  through  any  metamorphoses,  but  remain  as  cells,  till  they  perish, 
soon(;r  or  later,  often  not  till  the  destruction  of  the  organism  itself, 
HU(!h  us  epithelium-cells,  the  cells  of  glandular  parenchymas,  those 
of  thc!  nervous  svstem,  etc. 

IWnunicnt  Cells  may  he  arranged  most  conveniently  under  the 
following  heads : — 

1.  True  CelU,  which  have  not  altered  their  cellular  nature  in  any 
(essential  i)()int,  occur  in  the  epidermis  (stratum  Malpujhit)  epithe- 
lia,  in  th(^  blood,  the  chyle,  the  lymph  in  gland-juices,  adipose  tissue, 
gray  ntTvous  substance,  thc  red  medulla  of  bone,  in  glands  (liver, 
K|)l(»en,  supra-renal  capsules,  closed  glandular  follicles)  and  in  car- 
tilages. These  cells  may  be  divided  according  to  their  form,  into 
round,  (lis(!-sha|)ed,  cylindrical,  conical,  ciliated,  and  stellated: 
ac(!()r(ling  to  their  cimtents^  into  cells  containing  fat,  proteinc,  se- 
rum, hu'inatine,  biline,  pepsine,  mucus,  and  pigment:  and,  with 
regard  to  tlurir  occurrence,  some  are  isolated  either  m  fluids  or  solid 
tissues,  while  others  arc  united  to  form  simple  cellular  paraichy- 
mas ;  otluTs,  lastly,  being  connected  by  an  intercellular  substance 
of  some  kind. 

2.  Metamorphosed  Cells^  which  have  altered  their  original 
structure  more  or  less.     To  this  category  belong — 
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2.  Iliihi'r  KInneufarif  Partf — the  Formaiivt  Cells  of  lehich  are 

1.  /'"Ihrt'A,  /'V'rouA  Xet works,  and  Membranes  of  Elastic  an'l 
Arvolnr  Ti*sHt\ 

2.  nhroits  Xi'ttrnrh  of  tin'  Trans  re  rseh/'Stripeil  Muscles, 
J.   Fif'rt's  ami  Fihrous  Xef works  of  the  Xerrous  Tissue, 

4.  Tiiht's  and  PU\runrs  of  the  Blood  and  Lymph  Capillaries, 

5.  Termintitions  of  the  Trache(e  of  Insects, 

All  thrso  higher  clomontary  parts  possess  essentially  the  same 
pn»|HTtic's  UH  (t1I»,  esiH^oially  growth  in  lenpth,  and  tlnckness,  absorjh- 
tlon,  nii'tamorphouvs,  and  excretion  of  materials,  and,  in  part,  con^ 
trartlllttf,  as  also  other  functions,  whieh,  perhaps,  can  likewise  bede- 
nioiiHt  rated  in  erils.  (irowth  manifests  itself  very  distinctly  in  the 
(nrtMiniMtantv,  that  all  the  above-mentioned  elements  immediately 
aftiT  their  formation  are  invariablv  much  shorter  and  narrower 
than  at  a  8ub!«e(|uent  period;  the  absorption  of  material  is  proved 
by  the  depiMidenin^  of  their  functions  upon  the  circulation,  by  the 
phtMioineua  of  absorption  in  the  capillaries  of  the  lymphatics  and 
l)hHMl-v(*sHels,  and  by  the  above-mentioned  growth,  which  can  only 
be  (M>iuHnved  lut  takin^ic  place  by  the  absorption  of  materials  into  the 
interior  of  these  parts.  A  metamorphosis  and  excretion  of  mate- 
riuU  may  also  be  assumed  alon^^  with  these,  as  the  well-known 
p(*ruiiar  products  of  decom]K)sition  in  the  muscles,  the  changes 
(if  the  museular  fil)res  and  the  nerve-tubes  in  altered  nutrition  and 
activity,  as  also  the  capillaries  which  are  continually  giving  off  tlie 
piasina  of  the  bhxHl,  sullieiently  testify.  The  muscular  fibrillar 
possess  eontra(*tility ;  and  the  processes  in  the  nerve-tubes,  which, 
although  they  ]m)hs(^s  their  analogies  in  part  in  the  functions  of 
th(^  n(*rvc-('elis,  arc  very  peculiar,  and,  for  the  present,  not  to  be 
more  ddiiiitcly  characterized. 

Litrruturr  of  tin*  Elcmvntitrif  Parts, — Besides  SchtcaniCs  work,  cite<l  above, 
wn  1 1 1  iiy  1 1 M '  1 1 !  i « n  I  K  i  1 1  ihi  K 1:  a.  Die  Jjch  re  von  dcr  th  ierischen  Zdle,  in  Scm^KroKN 
und  \^M\v.\A't\  Zfitschrift  fiir  \Di$H'nschaftI.  Botanik,  Part  IL  1845.  EtUwick- 
lunifHtffHchivlUe  fitr  (Vpffti/ofHHlen,  1844;  and  a  Paper  on  Ciiticular  Structures 
and  PonminCi'll  iiu'nil'nuM'H,  in  TruHmtct.  of  the  Wiirzb.  Soc.  Vol.  viii.  RfiMAR. 
('^'fivr  r.ifntrcffuiiire  KntMchuiuj  thier.  ^t/fni  und  die  Vennehrung  dersdben 
iliirch  Tlu'ituiuj^  umf  iiber  KnUttch,  d<*8  BindegeioebeSy  n.  d.  Knorpety  in  Mull. 
Arch  iSs».  i. ;  «vs  also  the  treatise  of  Donderh,  citotl  under  Elastic  Tissue  ; 
and  ilu'  Knd)rynl()gical  Monographs  of  Reichert,  BiscnoFF,  Vogt,  KEMAK,and 
inyHt«lf.  IV3HideH,  comiMii'o  the  more  recent  comparative  histological  treatises 
of  II.  Meckel^  Leydit/f  Leurkartf  Carpenter^  IluxUyy  Gegenbaur,  Meissner,  myself, 
and  others. 
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II.  OP  TISSUES,  ORGANS,  AND  SYSTEMS. 

§  1 8.  The  elemeutary  parts  of  the  simple  and  higher  kinds  are 
not  scattered  without  order  in  the  body,  but  united  according 
to  definite  hiws  to  the  tissues  and  organs,  as  they  are  called. 
Under  the  former  name  is  designated  every  constant  grouping  of  the 
elementary  parts  always  recurring  in  the  same  way  in  analogous 
parts ;  under  that  of  an  organ,  on  the  other  hand,  is  understood 
a  certain  sum  of  elementary  parts  possessing  a  definite  form  and 
function.  When  several  or  many  organs  of  similar  or  different 
kinds  unite  to  form  a  higher  unity,  the  latter  is  called  a  system. 

It  is  difficult  to  classify  the  tissues  properly.  When  we  only 
consider  the  conditions,  such  as  they  are,  found  in  the  adult 
organism,  it  is  easy,  indeed,  to  enumerate  a  gradually  ascending 
series  of  simple  to  more  and  more  complex  formations.  But  in 
this  way,  formations  which  are  closely  related  to  each  other  would 
be  torn  asunder,  and  conversely.  Better  results  are  attainable, 
when,  together  with  the  fiilly  devcloi)cd  form,  we  also  take  the 
origin  and  the  chemical  and  physiological  conditions  into  account, 
and  from  this  point  of  view  the  following  series  of  tissues  may  be 
constructed:  — 

1.  Cell-Tissues. 

Epidermic  tissue.  Tissue  of  true  glands. 

2.  Tissues  op  Connective  Substance. 

Mucous  tissue.  Elastic  tissue. 

Cartilage-tissue.  Areolar  tissue. 

Osseous  tissue  and  Dentine. 

\\,  Muscular  Tissues. 

Tissue  of  the  smooth  muscles. 

Tissue  of  the  transversely  striped  muscles. 

4.  Neeve-Tissue. 

5.  Parenchymatous  Tissues  of  Vascular  Glands. 

The  organs  may  be  divided  into  simple  and  compound. 

1.  Simple  Organs. 

1.  Epidermis,  epithelia,  hairs,  nails,  enamel,  lens. 

2.  Simple  true  glands. 

3.  Vitreous  body. 

4.  Chorda  dorsalis,  true  cartilage,  and  elastic  cartilag|(^. 
5«  Elastic  ligaments  and  membranes. 
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6.  Tendons^  ligaments,  fibrous  membranes,  fibro-cartilage. 

7.  Bonos  and  teeth. 

8.  Smooth  muscles  and  muscular  membranes. 

9.  Transversely  striped  muscles  and  muscular  membranes. 

10.  Nerves  and  ganglia. 

11.  Simple  glandular  follicles. 

2.  CoMrorxD  Organs. 

12.  Vessels. 

13.  Vascular  membranes  (external  skin,  mucous  and  se- 

rous membranes,  proper  vascular  coats). 

14.  Special  organs  of  the  intestinal  canal. 

15.  Compound  true  glands,  with  their  individual  sections. 

16.  Compound  vascular  glands  (spleen,  tonsils,  supra-renal 

capsules) . 

17.  Central  organs  of  the  nervous  system. 

18.  Higher  organs  of  the  senses. 

The  organs  lastly  unite  to  form  special  systems,  of  which  the 
following  may  be  distinguished : — 

1.  Tlie  System  of  the  E.vternal  Skin,  consisting  of  the  corium, 
epidermis,  the  homy  structures,  and  the  larger  (mammary  glands) 
and  smaller  glands  of  the  skin. 

2.  The  Osseous  System,  comprehending  the  bones,  cartilages, 
ligaments,  and  articular  capsules. 

3.  The  Muscular  System,  viz :  the  muscles  of  the  trunk  and 
extremities,  the  tendons,  fascia;,  tendinous  ligaments  and  bursae 
mucosae. 

4.  The  Nervous  System,  consisting  of  the  large  and  small 
central  organs,  the  nerves  and  higher  organs  of  the  senses. 

5.  The  Vascular  System,  consisting  of  the  heart,  the  blood  and 
lymph  vessels,  as  well  as  the  lymphatic  glands. 

6.  The  Visceral  System,  comprising  the  intestinal  canal,  the 
organs  of  respiration,  with  the  thymus  and  thyroid,  the  salivary 
glands,  the  liver  and  spleen. 

7.  TIte  Urinary  and  Sexual  Systems, 

Since  the  individual  organs  and  systems  will  be  spoken  of  in 
detail  in  the  special  part,  we  do  not  require  to  enter  here  into  a 
more  minute  description  of  them ;  and  it  accordingly  only  remains 
to  characterise  the  tissues  themselves  somewhat  more  minutelv, 
while,  at  the  same  time,  a  few  general  remarks  concerning  the 
organs  may  be  most  fitly  annexed. 


4^  \rrc'"*rs  tisste.  [sect.  23, 24. 

.V  •■  *    .  :j:i.  I.^i      Lt>:=5-s-  j"i«    \%Ai'T*i€  il^T  miutMlichrit  BnutdriiwH^m 
y. :_:;-  I-.- » ,:!;!.:   ^ :.    Lit:  ::..  l\%-rf.  ubcr  R«-pt.  m.  Fi-whe,  1853,  p.  1 11. 

{  2 ;.  M'  .•  r  •.  .-. — Bv  th:*  name  I  designate  a  tissue  which, 
xu  nij.::.  i\i>:»  onlj  in  the  t:»vous  body,  but  which  has  very 
pr.^vjL'-'y  ?::  •  \:ta<:ve  distribution  in  the  lower  animals.  It  con- 
sist* ot  «.\''s  a:..:  a  soft  matrix,  or  even  onlv  of  the  latter,  as  the 
ct^lU  ii:ay  viivij  :var  in  the  course  of  development.  The  cells  are 
rv^i::;A  cr  cM  >:;^.  a::d  contain  a  variable  amount  of  matter^  rich  in 
protein :  while  the  matrix  ajj^are  as  a  homogeneous  or  striated 
nii^s.  aud  owes  its  greater  or  less  consistency  to  the  quantity  of 
m;ie.is  i:i  its  o.vr.jx^sition.  w>.:o!i  mucus  appears  to  be  very  different 
iu  JiflVreat  animals.  lu  the  ritrcous  bodv  of  the  embrvo  and 
cliiiil.  whieh  or^an  as  vet  can  alone  be  referred  to  this  tissue,  the 
c».lls  are  pretty  numerous,  auvl  uniformly  scattered  throughout  the 
whole  onrin :  wliilst  in  fullv  formed  animals,  thev  are  to  be  found 
only  at  its  surface,  or  an?  wholly  wanting.  When  comparative 
liisroloiTv  is  farther  ailvanccil.  it  will,  doubtless,  be  found  that  many 
Other  ur.:aus  iViisist  of  this  tissue:  and  1  may,  for  the  present,  bring 
uutler  it  the  substance  of  the  disc  of  Medusae,  that  of  the  swim- 
mint:  bladder  and  other  parts  of  the  Siphonophonc,  etc.  Farther 
investijraiion  would  also,  without  doubt,  bring  out  a  diversity  of 
cheniieal  cv)m[H)sition :  and  it  will,  perhajw,  be  necessary  hereafter 
to  select  a  more  general  expression  for  this  tissue. 

Tlic  ii.ime  .^fncous  Tissut  wis  latoly  aj»i»lie«:l  l»y  Virrhofe  to  designate  the 
gelatiiioid  eiiibn'oual  couiieocivo  tissue,  and  then  extond(Hl  to  that  of  the  vitre- 
ous humour.  In  normal  lii:<t(>I<>g}'.  tlicre  seems,  for  the  present,  no  reason  for 
assigning  a  jilace  to  a  form  of  tissue  of  the  ci.>m|H>sition  of  gelatinoid-connective 
tissue,  since  such  a  one  never  txrours  in  the  fully  developetl  Ixxly.  I  have,  ac- 
cordingly, recknned  only  the  vitre«.ms  body  under  the  present  head  in  the  mean 
time.  If,  hnwever,  such  a  tissue  shall  be  found  to  be  i)ermanent  in  animals, 
or  the  re<iuircmcnts  of  i>athological  Uistology  shall  so  demand,  the  definition 
given  above  can  be  reailily  enlargetl,  and  a  tissue  classifieil  mider  it,  in  which 
one  pirt  of  tlic  cells  has  become  convert e<l  into  a  network,  while  the  others 
liave  remained  lying  in  the  mucifenms  (albumin iferous)  jelly. 

JsiUrahtri\ — Cuniimm  the  treati.ses  of  Virchotr,  cited  in  §  13,  then  of  the 
wimo  author  ;  yuth  iibrr  </.  Glaskorper  im  Arch.  J',  path.  Anat.  iv.  p.  468.  and 
V.  278. 

§  24.  CftrtiUujC'Tissue. — The  cartilages  consist  of  a  firm,  but 
elnstic!,  bluish,  milk-white,  or  yellowish  substance,  which,  in  point 
of  structure,  presents  u  two-fold  condition;  and  appears,  firstly, 
as  a  nimple  parenchyma  of  cells ;  and,  secondly,  as  a  cell-tissue  with 
a  matrix  between  the  elements. 
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in  the  orbit;  around  the  kidneys;  in  the  mesentery  and 
omenta ;  around  the  spinal  eord ;  on  nerves  and  vessels ;  and  in 
muscle?. 

f/i.  Oriiuanj  ani'oltr  contn'ctire  tissue,  which  is  sometimes  quite 
poor  in  elastic  fibres  and  plasm-cells,  and  sometimes  aboimds  in 
them,  i»  found  most  extensively  between  the  organs  seated  in  the 
neck,  the  thoracic,  alMlominal,  and  pelvic  cavities;  along  the 
innirse  of  all  ve^(scls  and  nen'es;  and  in  the  interior  of  muscles^ 
ncncs,  and  glands. 

In  certain  places,  as  in  the  vertebral  canal  and  medulla  of  car- 
tilage, it  is  of  a  Q*  hi  ft  nous  nnturej  like  embr}'onal  loose  connective 
tissue,  and  then  ccmtains  in  its  meshes  a  fluid  sometimes  like 
siTum,  sometimes  containing  mucus  and  albumen. 

Litrniturc, — ZEi.niSKT,  De  TtlU  Collam  EtUntibus.  Dorp.  1851.  Diss.  Also 
the  treat isos  cito«)  iu  §  124. 

§  27.  Os$*\ms  Tisfue, — Structurally,  osseous  tissue  essentially 
consists  of  a  matrix,  and  of  numerous  microscopic  cavities  0*006 
to  0*014  '  in  length,  0*003"  to  0*007"'  ^^  breadth,  and  0002 
to  0004  in  thickness,  disseminated  in  it,  —  the  lacunm  (bone  cor- 
puscles of  authors).  The  former,  which  is  of  a  white  colour,  is 
sometimes  more  homogeneous,  sometimes  finely  granular,  very 
frc(}ucntly  lamellated,  and,  from  its  intimate  union  with  calcareous 
salts,  hard  and  brittle. 

The  lacunae  are  generally  lenticular  in  shape,  and  are,  in  most 
cases,  connected  to  each  other  by  numerous  fine  processes,  the 
caji'ilk'ttli,  by  which  some  of  them  also  open  upon  the  outer  sur- 
face of  the  ])oncs,  and  others  into  the  larger  and  smaller  medullary 
spaces  in  the  interior.  The  lacunse  and  canaliculi  contain  a  pel- 
lucid matter,  which  may  be  designated  as  the  nutrient  fluid  of  the 
bones ;  and,  in  many  cases,  a  cell-nucleus  also  appears  to  be  en- 
closed in  the  lacunae,  and  may,  perhaps,  be  present  in  all.  Besides 
these  two  most  important  elements,  which  are  never  absent  in  the 
bones  of  the  higher  animals,  most  of  the  bones  contain  numerous 
vesst'ls  and  nerves,  and  frcciuently,  also,  a  special  substance  sup- 
porting these,  the  medulla.  This  consists  either  of  ordinary 
adipose  tissue,  or  of  a  loose,  scanty  areolar  tissue,  with  but  few  fat- 
cells  and  numerous  proper  marrow-cells,  as  they  are  called.  These 
soft  parts  fill  up  the  large  central  cavities  of  the  bones,  and  those 
of  the  spongy  substance ;  they  also,  at  least  in  part,  occupy  the 
narrow  canals  traversing  the  compact  substance,  the  vascular  or 
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•:5*s:r.ti::  -  ■:■  »  r.rw-formed  soft  sabstance,  the  matrix  of  car- 
'■.i-re  "u'.ij  :>^  .\<^\:  in  the  other,  by  the  deposition  of  calca- 
rt>:  :*  *al:*  :-  ::..  r.br?u*  «ub$tance  of  eonnective  tissue,  but 
:rr>*<i.:*  in  -.  :::  .X'*o.  a*  121  as  i*  known,  essentially  the  same 
cHrru:  ^1  1- :  L.*:.il  ^;oaI  characters.  The  nutritlre  channef  of 
tr.r  ''^«  r.-:'*  ir-.  ^-ry  iiieriTOtic.  and  are  accomplished  through  the 
aC'.i'^y  .:  :'.e  TtN>o>  of  the  periosteum,  and  by  those  of  the 
r.:-rr  »  ir. :  H3\-:r>iian  canals,  when  thev  exist.  The  bones 
T'^v-^*  i  jTca:  ^*-.\;  \''^:iity  of  regeneration,  so  that  they  readily 
rt-un::'^  wh- n  br.ktn:  auii  evtensive  losses  of  substance  mav 
}h'  n^i^irv^l.  or  c\tii  entire  b»-'»ues  restored,  when  the  periosteum 
has  >kt!i  ^*  cin\i.     A  co:  lie  Li  tal  formations  of  bone  arc  also  verv 

(^x-i^^-i-i*  tiss'.si-  Ciccur*.  fir*t.  in  the  bones  of  the  skeleton,  to 
whioh  helvni^.  rtl-so.  the  auditorv  ossicles  and  the  hvoid  bone: 
sooi»:;.:'.v.  in  tl;o  bones  of  the  muscular  svstem,  as  the  sesamoid 
l^vji^i  and  the  os^ili^'ations  in  tendons:  thirdlv,  in  the  crusta 
^'■.  T  •'  nr  *''Vi''n*  of  the  tooth.  Many  cartilages  ossify  pretty 
pi  «"i!arly  ill  uld  xvz\^\  as  tl.o  oo>tal  and  laryngeal  cartilages. 

If-t,!'fi-\  or  ir.-r-..  mav  bo  rejrarded  as  a  modiiieation  of 
o^hohus  ti-isuo,  in  A^hioh,  instead  of  isolated  lacunse,  long  canals, 
tho  'f'tifiu.fl  ^/'.* «.  oivur,  and  which,  also,  presents  some  differences 
in  I'hi'inioal  C'^nn>o>;tit)n.  The  mode  of  its  development  leads  us 
to  ro-iird  it  a^  an  osseous  substance,  whose  cells  have  grown  out 
into  lou'^^  tubulos  which  anastomose  with  each  other  by  fine  pro- 
cossos ;  a  viow  which  also  cxphiins  the  numerous  formations  ob- 
sorvablo  in  animals  l)etween  the  tyjiical  dentine  and  osseous  tissue 
(see  Ik'Iow,  tlu*  section  on  the  Teeth V 

It  ha.-n  1)0011  supposed  till  now,  that  the  8tollate<l  li<iue-cells  in  part  arise 
from  oaHilage-cells,  in  i>art  fnmi  colls  of  wnnective  tissue;  but  //.  ^ fuller 
lias  shown,  in  a  very  roniarkablo  ]iaj>er,  that  true  cartilage-cells  never  are 
traii.sfomied  into  real  stellated  lacuna;,  and  that  these  arise  only  from  the 
colls  of  connective  tissue,  and  from  a  young  growth  of  cells,  formed  by  a 
niultii)lication  of  the  cartilage  cells.  The  only  exception  of  this  rule  seems 
to  occur  in  nichitic  l)ones,  in  which,  as  1  have  shown,  cartilage-cells  are 
niotamorphoso*!  into  j)eculiar  stellatetl  lacunrc. 

A/7/T«^/r/'.— Dkutsch,  Dr  pmitiori  Ostium  Structurd  Observationcs  Diss. 
Vrat.  1834.  MiraciiEii,  J)r  Irifiammationc  Ossium  vonnnque  Atrntome  generali, 
licrol.  1836.  Schwann,  Art.  AVi/W/rw/z^wvT'^  in  IkrL  EncycJop.  Wiirterb,  (hr 
met!.  Wxss.,  vol.  xx.  p.  102.  Tomes,  Art.  Osseous  Tissue,  in  Ct/clop.of  Auat,  iii. 
H.  MilLiJOii,  in  Zeit8ch,J,  Wiss,  Zool.,  Bd.ix. 
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developed  during  pregnancy,  and  attain  np  to  ^  of  a  line  in  lengthy 
in  the  vagina,  in  the  cavernous  bodies  of  the  external  genitals,  and 
in  tlic  broad  ligaments  of  the  uterus  at  various  places. 

8.  In  the  male  se^rual  organs  they  occur  in  the  dartos,  between 
the  tunica  vaginalis  communis  and  propria,  in  tlie  epididymis^  the 
vas  deferens,  the  seminal  vesicles,  the  prostate,  around  Cowper's 
glands,  and  in  the  corpora  cavernosa  of  the  penis. 

9.  In  the  vascular  system,  smooth  muscles  are  met  with  in  the 
tunica  media  of  all  arteries,  especially  the  smaller  ones,  in  that  of 
most  veins, and  of  tlie  lymphatic  vessels, except  the  finest;  fiirther, 
in  lympliatic  glands  (Heijfelder),  and  in  the  external  or  adventitious 
coat  of  many  veins.  The  muscular  elements  in  vessels  of  middling 
size  are  everywhere  fusiform  fibre-cells ;  in  the  large  arteries,  on  the 
other  hand,  they  are  short  plates,  often  resembling  certain  forms  of 
{lavement  epithelium,  and  in  the  smallest  arteries,  oblong,  or  even 
roundish  cells;  both  of  which  forms  are  to  be  regarded  as  being 
more  undeveloped. 

10.  In  the  eye,  smooth  muscles  form  the  sphincter  and  dilator  of 
the  pupil  and  the  tensor  choroidece, 

11.  In  the  skin,  this  tissue,  besides  entering  into  the  formation 
of  the  dartos,  occurs  in  the  form  of  small  muscles  attached  to  the 
hair  follicles,  also  in  the  areola  of  the  nipple,  in  the  nipple  itself, 
and  in  many  sudoriparous  and  ceruminous  glands. 

Formerly,  the  elements  of  the  smooth  muscles  were  reganled  as  long  bands, 
containing  numerous  nuclei,  and,  like  the  transversely  striped  fibres,  were  con- 
sidered as  arising  by  the  coalescence  of  many  cells  arranged  in  series.  In 
1 847,  I  showed  that  this  is  not  the  case  ;  but  that,  on  the  contrary,  the 
elements  of  these  muscles  are  only  simple,  modified  cells  ;  and  demonstrated, 
at  the  same  time,  that  these  contractile  fibre-cells  occur  wherever  contractile 
connective  tissue  has  been  assumeil  to  exist,  and  are  also  to  bo  met  i^ith  in 
other  {>arts  where  they  were  not  supposed  to  exist. 

JAttrature. — KoLliker,  Veher  dm  Buu  nnd  die  Verhreitun/j  der  glutlen 
Mu,<h('ln^  in  the  Mitthil.  der  Aaturf.  GescUschaJt  in  Zurich^  1847,  p.  18  ;  and 
Zdtschrift  filr  WissvnschaftL  ifw>/w/i/',  vol.  i.,  1849.  Limer,  in  the  Micros. 
Jottrnafy  and  Trans,  of  Uoyul  Society  of  Edinburgh, 

§  30.  Tissue  of  the  Muscular  Fibres^  or  Transversely  Striped 
Muscles. — The  elements  of  this  tissue  consist  essentiallv  of  muscular 
fhres,  or  muscular  primitive  bundles,  as  they  are  called,  each  of 
which  represents  a  bundle,  0004'"  to  003'"  in  thickness,  of 
fine  fibrillse,  enclosed  by  a  special,  homogeneous,  delicate,  elastic 
envelope,  the  sarcolemma.  The  fibrils  are  generally  regularly 
nodular,  appearing,  as  it  were,  to  consist  of  a  number  of  particles 
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inasmach  as,  while  tbey  hare  predaely  the  aspect  of  non-medul- 
lated  nerres,  ther  often  run  to  great  distances,  and,  at  the  same 
time,  ramifr  TariooslT.  How  these  processes  ultimately  terminate, 
whether  finee  or  by  connection  with  nerve-fifaresi,  or  by  anastomoses 
with  similar  processes,  is  not  yet  made  out;  but  it  appears  not  impro* 
bable,  that  all  these  three  possibilities  occur  in  different  situations. 

Nenre-fibres  and  nerve-cells  unite  to  form  two  substances,  very 
differently  constituted  in  their  extremes,  the  grey  and  white  sub- 
itance.     The  latter  forms  the  white  meduUa,  as  it  is  called,  or  the 


\      / 

I.rircc  nrn-e-crlU  with  proce^jtes,  from  the  anterior  comiu  of  the  human  sj^nal  cord. 
Mufijuilietl  3M)  times. 

medullnry  matter  of  the  spinal  cord  and  brain,  and  the  nerves; 
and  consists  essentially  of  fascicularly  arranged  or  interwoven 
nerve-tubes,  to  which,  in  the  peripheral  nerves,  a  special  envelope 
of  connective  tissue,  the  neurilemma^  as  it  is  called,  is  superadded. 
The  grey  stibstance  chiefly  contains  nen^e-cells,  and,  in  certain 
places,  a  finely  granular  matrix  and  free  nuclei.  It  very  rarely, 
however,  occurs  quite  pure,  but  is  generally  intermingled,  more  or 
less,  with  nerve-tnbes.  This  is  especially  the  case  in  the  majority 
of  the  ganglia,  in  the  grey  substance  of  the  spinal  cord,  and  in  the 
so-called  cerebral  ganglia;  while,  on  the  other  hand,  in  the  grey 
cortex  of  the  brain  and  cerebellum,  it  is,  in  some  places,  almost 
^'iititute  of  nerve-fibres.    This  substance  is  much  more  largely 
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zu  den  Nervfnfasem,  Leipzig,  1S47.    Ch.  Bobik,  in  rinst^  1846,  Noa  687^ 
690;  and  1848,  No.  733.    KdLUKEB,  Neurologucke  Bemerknmffen^  in  Zeitseh. 
f,  wiss,  Zool^  i.  p.i35> 

5.  Tissue  of  the  Vascular  Glands. 

§  32.  Under  the  name  vascular  glands  are  comprehended  a 
scries  of  organs  whose  common  character  consists  in  this,  that  they 
prepare^  from  the  blood  or  other  juices  in  a  special  glandular  tissue^ 
certain  matters  which  are  not  conveyed  away  by  special  permanent, 
or  occasionally-formed  excretory  ducts,  but  simply  by  transudation 
from  the  tissue,  and  arc  then  employed,  in  one  way  or  another,  for 
the  purposes  of  the  organism.  Although  this  very  general  defi* 
nition  may  include  organs  which  it  will,  perhaps,  be  necessary 
hereafter  to  separate,  yet,  owing  to  our  very  defective  knowledge 
of  these  structures,  it  seems  to  be  the  only  one  possible,  without 
too  much  anticipating  the  special  discussion  of  them. 

The  essential  glandular  tissue  of  the  organs  in  question  presents 
itself  iu  the  following  forms  : 

1.  As  a  parenchyma  of  larger  or  smaller  cells,  embedded  in  a 
stroma  of  connective  tissue.  Supra-renal  capsules,  anterior  lobe  0/ 
the  pituitaiy  body.  Here  the  cells  attain  0*04'",  and  more  in  size; 
and  then  contain,  besides  a  granular  mass,  numerous  nuclei  and 
secondary  cells. 

2.  As  closed  follicles^  with  an  envelope  of  connective  tissue  and 
contents  consisting  of  nuclei,  cells,  and  some  fluid.  To  this  division 
I  reckon : 

a.  The  solitary  follicles  of  the  stomach  and  intestine;  and 
6.  The  aggregated  follicles  of  the  small  intestine,  or  the  patches 
of  Peyer  (in  animals,  also,  of  the  stomach  and  lai^  intestine), 
both  of  which  contain  numerous  blood-vessels  in  the  interior  of 
the  follicles. 

c.  The  follicular  glands  of  the  root  of  the  tongue,  the  tonsils,  and 
the  pharyngeal  follicUs,  which  contain,  in  the  walls  of  their  cavities, 
numerous  shut  follicles  like  the  above-mentioned,  and  probably, 
also,  having  vessels  in  their  interior. 

d.  The  lymphatic  glands,  the  glandular  parenchyma  of  which 
consists  of  round  follicles,  similar  to  those  of  the  Peyerian  glands, 
but  opening  into  each  other,  and  directly  connected  with  the 
lymphatic  vessels. 

3.  As  a  cell-parenchyma,  supported  by  trabecula  of  connective 
tissue,  containing,  like  the  above,  numerous  closed  follicles.  Spleen. 

The  chemical  nature  of  these  more  or  less  vascular  organs  is 
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sorocuai  and  uf  the  skin  of  the  penis,  the  erection  of  the  nipple, 
and   the   uccurrvnco   of  tho  so-called  goose-skia,  cutis  anaerina, 
Tlii<  dopeni)<  u]>i:>n  the  above-described  smooth  muscles  of  the 
«kin.  vlr.ch.  as  FnTi^^j*,  and  afterwards  BrajrH'&'quard  and  I  have 
found,  ivntract  under  the  influence  of  electricity;  for  even  in  the 
li villi;  s".bjec:  the  cutis  anserlua  and  erection  of  the  nipple,  and  in 
the  boilie*  of  executed  periMins  a  wrinkling  of  the  scrotum,  can  be 
el^lx:•r^^^  by  tb'\t  stimulus.     During  the  erection  of  the  nipple  by 
means  of  irentle  moclianical  stimulation,  the  entire  areola  dimi- 
nishes by  the  cv'ntniction  of  its  circular  fibres,  and  thus  pushes  for 
warvis  tiie  nipple  itsi-lf.  whose  fibres,  in  this  case,  appear  to  be 
relaxeil.     luder  the  influence  of  cold  the  nipple  and  its  areola 
contraet.  and  both  become  small  and  hard.     The  ctttis  anserma, 
which  c^>usists  in  local  contractions  of  those  parts  of  the  skin  seated 
around  the  hair-follicles,  by  which  the  openings  of  the  follicles  are 
pushed  forwards  eonically,  can  be  easily  explained  by  means  of  the 
uuiseK^  found  by  nie,  which  extend  from  the  superficial  parts  of 
t!:e  cori\.m  downwards  to  the  hair-follicles,  and  when  they  are  in 
activity,  protrude  the  follicles,  and  draw  in  those  parts  from  which 
they  take  their  oriirin.     The  assumption  of  a  contractile  connective 
tissue  in  the  skin,  as  also  in  other  parts,  I  must,  as  formerly 
(MItthvil.    tier    Zuvcher    Xnturf.    GeselUchafty    1847),  decidedly 
rejt»ct,  because  the  existence  of  smooth  muscles,  demonstrable  by 
the  nueri>seope  in  the  skin,  whose  contraction  under  the  influence 
of  <r:i!vanisni  can  be  shown  by  experiment,  sufliciently  explains  all 
the  phenomena  of  contraction  exhibited  by  the  skin. 

With  rofiTonoo  to  the  i)ftioo  of  tlio  touch-bodies,  yfeissnvr  has,  in  his 
larj^tT  work,  oxpri'ssod  the  oi»iiiii.ni,  that  thoy  are  8ii1x»ervient  to  a  s^iccitic 
fill K't inn,  which  is  uuly  iiK't  with  iu  the  hands  and  feci,  that  of  the  admple 
svn.ttitioH  of  touch.  This  ih  defined  as  the  t^implc  perception  of  an  external 
object,  without  the  sensation  of  pressure ;  but  in  a  lat^r  work  {Zcitschriftf, 
rat.  Mid^  1854,  page  260),  is  designated  as  'Peiveption  of  pressure  by  means 
of  the  tiUuh-Viodies.'  No  one  will  blame  the  able  discoverer  of  the  touch- 
bfKlies,  in  endeavouring  to  ascribe  to  them  an  important  physiological  func- 
tion ;  but,  upDH  the  other  hand,  no  unprejudiced  jx^rson  Mill  l)e  induced  to 
dcclai*e  the  perceptions  of  pivssure,  which  we  exi)erienco  in  the  palm  and 
sole  (a^iart  from  their  delicacy),  to  be  ditien.'ut  from  those  which  wo  receive 
from  other  nerves  of  the  skin. 

B.  EPIDEHMIS. 

§  42.  The  coriiim  is,  in  its  entire  extent,  covered  by  a  aemi- 
transparent  membrane,  which  is  destitute  of  vessels  and  nerves, 
mid  composed  entirely  of  cells  —  the  epidermis.     This  is  closely 
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Tr.-?  •i.iriie'cr  v.t  :he  mcdnlU  ».  in  general,  to  that  of  the  hair 
:v«e*:  x»  X  :o  3 — 5  -.  ii  b  neladTelv  and  absolutelv  thickest  in  short 
thick  ba:r«.  thinnest  in  vooUy  hairs  and  thoae  of  the  head.  In  a 
cr>««  4ec::~r.  ::  has  a  round  or  flattened  figure;  and  the  cells  which 
compose?  ii  ire  amuijied  in  i — 5,  or  even  more  longitudinal  rows. 

Acconimz  to  R-rU-Ti^r  and  R^i-h^t,  the  medulla  contains  in  its 
interior  a  fine  r.bre.  which  i»  a  prolongation  of  the  hair-papilla;  a 

ktement  which  I  have  not  hitherto  been  able  to  confirm. 


§  t>r.  Tho  .;'*•.:>•  '/  r.v  hair  is  a  very  thin  transparent  mem- 
brane, which  forms  a  complete  covering  for  the  hair,  and  is  very 
iirmlv  unite\i  with  tho  cortical  or  fibrous  substance.  When  viewed 
in  it»  normal  position  and  in  an  unaltered  hair,  its  almost  sole 
imlicarion*  arc  numerous,  dark,  reticulated,  irregular,  and  even 
jasr^cil  lines,  whu-h  arc  iiist.^int  c'DOi"*  to  0*006**  from  each  other, 
and  extend  n>und  the  hair,  and  small  projections  giving  a  ser- 

nj  «■>  rate  outline  to  its  appa- 

rent border  (fig.  49,  A.). 
If  a  hair  be  treated  with 
alkalies,  the  cuticle  sepa- 
rates in  larger  or  smaller 
X"-,  shreds   from  the  fibrous 

^^'^  sub8tance,and  even  breaks 

-^  up    into     its     elements. 

These  are  quite  flat,  non- 


..•5. 


of  a  quadranjrular  or  rectangular  outline,  which  do  not  swell  up 
into  vesicles  by  means  of  re-agents.  Tliey  are  arranged  like  tiles 
on  a  roof,  the  lower  cells  overlapping  the  upper  ones,  and  form  a 
simple  membrane,  which  entirely  envelopes  the  cortex  or  fibrous 
part  of  the  hair.  In  sulphuric  acid,  dso,  the  structure  of  the 
cuticle  can  he  easily  perceived ;  the  hair  Ixjcomes  ragged  at  the 
borders,  from  the  projection  of  the  plates,  and  then  the  cuticle  can 
he  (^asiVv  scraped  or  rubbed  off";  but  it  is  reduced  to  its  constituent 
elements,  and  it  is  not  easily  obtained  in  larger  patches. 

Fhc  cuticle  consists  of  a  single  layer  of  plates  or  scales,  which 
on  the  shaft  is  0002'"  to  0-003"  on  the  root  00025'"  to  0-0035^ 
thick ;  the  plates  measure,  in  the  transverse  direction,  0-024"'  to 
0-28"'';  in  the  longitudinal,  0016"'  to  0-02"';  and  are  scarcely 
ihiekor  than  00005"'.     At  the  hairbulb  these  plates  pass  rather 
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\*»:-irc^i.  it.  23  ::  '>f  r*.e:7.^rlr  ncwgniaed  as  spindle-shaped  fibm 
-rr.!  1  s.:^.^  Ln.cJj.  *o  :La:  I  cannot,  for  the  present,  express 
•^L-r^r'  :-r»:-.it"!i.T  u  :o  ihrir  nmire:  and  the  more  so,  as  vehare 
Z-:  :ict*  ::  *'i:-»  :ii:  ct:n:ra«rho!:*  of  the  hair-follicles  take  place. 

Ti-?  :h.-r:  li^tr  *-*  a  .*%.v'>iV  *tnAC*ur^U-^  membrane,  which, 
▼":.-:-  :r.r:  :  i.r  >  r  1.'.  -i  ou:.  alwavs  remains  behind  in  the  hair- 
:'  ...r.  i:::.  u*  c.:ircc::..»n  with  and  also  coverinjs  the  papilla 
^T'  ■  ---  .  t\:er.i*  :r;:r.  it*  base  as  far  as  the  internal  root -sheath, 
x'i  r«e.-r.i:*  h.j'.rr.  I:  aij^«irs.  in  the  nniiijured  hair-follicle,  only 
V*  1  T-  rr  :^-.-  *:rt-ik.  :::i''  to  z  zzi^".  seldom  o-ooi*^,  io  thick- 
:  -^•.  '.-  :*tf:.  :he  ixicmal  n:-:.:->heath  and  the  transverse  fibrous 
::. ;  Lair-:" '.l:cle :  but.  hy  preiKiration  of  an  empty  hair- 
::  n.av  u~  ca>ily  obtaincti  in  considerable  patches.  It 
••-^11  2:;-:ir*  >n:>>:li  c\temal:y,  but  internally  presents  very  dcli- 
.rt!/ .  :ri:>«  v  r>c.  i>::en  anastomosing  lines,  which,  like  the  membrane 
;:••.'.!".  £Tt'  Lc:  altered  bv  diluted  acids  or  alkalies.  Neither  al- 
kal:v<  L*  r  acids  caTise  cells  or  nuclei  to  appear  in  this  membrane, 
p.n.l  it  btlonjs.  aivordin»rly,  ti^  the  class  of  the  true  structureless 
membraiii-^. 

Tlic  f--j-'i--'j  ■/  llr  h'i'F,  li'*s  titly  termed  hair-germ  (pulpa  pill), 
brlori(;s  tu  the  follicle^  and  represents  a  papilla  of  the  cutis.  It  is 
a  bf  autiful  ov;ite  or  fun^fonn  papilla,  J*"  to  ^^'"  broad,  i^*^  to 
r:\ '"  l<»i;r.  aiiil  is  connected  by  a  pedicle  with  the  connective- 
ti<^«ur-friat  <i{  the  follicle;  it  has  a  sharp  outline,  and  a  per- 
fectly smnrith  surface  ;  in  its  structure,  it  harmonises  completely 
uith  the  p:ipili:e  of  the  cutis,  and  consists  of  an  indistinctly 
fibrous  connective  tissue,  with  si*attered  nuclei  and  fat-granules, 
but  without  cells.  It  contains,  also,  in  man  and  in  animals, 
vessels ;  but  no  one  has  as  vet  been  able  to  demonstrate  nerves 
in  it. 

§  63.  The  root-i<hfoth  may  be  divided  into  an  external  and  an 
internal  layer,  of  which  the  former  is  continuous  with  the  epi- 
dermis round  the  openinfif  of  tlie  hair-follicle,  and  appears  as  the 
e|ii(lermic  lining  of  the  follicle;  while  the  internal  is  an  entirely 
independent  layer,  and  enters  into  direct  relation  with  the  hair. 

Tiie  twtrninl  root-shmfh  is  a  continuation  of  the  mucous  layer 
of  till!  epid<M*uiiH,  invests  the  entire  hair-follicle,  and  rests  in 
its  lower  half  on  the  above-deseribed  structureless  membrane; 
hi;rher  up,  where  tlu^  hitter  and  the  transverse  fibres  are  no  longer 
pn*M*nt,  it  lies  innnedintely  u])on  the  longitudinal  fibrous  layer, 
^n  Htnieturt*,  it  ^corresponds  entirely  with  the  mucous  layer;  like 
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-:  .-:  Ti  ::  •:.-■—  T^-si--^:  fs«rr?s  brr^een  them.  These  (fig. 
5:  J  T  :.  ■:  :  •_--—.-:  i  rzni-  rr  i  ■-b!e  Utct  iZiurfcv'*  layer), 
:.•  •  -  •  :.: :  '^  ..:  r  'ull  'Lr  i^ll*  4":«;Te  described  (0*014'^  to 
:  -•"  u  :  : :: "  t:  :  ::■;"  ':r:!i£  :  likewise,  however,  poly- 
r  :.:..  i-i'i  ;•  --«•:-'.  :■  ziLn  ^  -.1:  l:»-:r  half  of  the  root-sheath, 
;.-^:  '  c^.~  :.  ■^:-  -1  .jLTf-i  i.-:L-::.  r  ^r4"'  to  0"Oo6"'.  The 
'.:  %-.  '-  -  -:  .: -  -:  j^-rr  r>::-*i€a:h  amounts,  on  an  average, 
■  "  -  ■  '  5"  VI;::,?:  ::  >  c-rieLt  :hai  its  cells,  which  at 
'  --  -:.  ■■. -•  1:7^  LT:  IT  '.-.-^s:  T  ?  zi"  to  rccs"' in  thickncss. 
7:  -  ri.-  :•  •* - -_  t.":i  .-*  TrfTinr!:::  in  their  natural  position, 
1.   :        -  :.•  -^    •!•  •": :  r.»  :-*i;i.:h  :  :i:  v  iro  easilv  isolated  in  soda 

■  ■ 

:-.;••-•      ^  ".  •:*    it-,-.  *-r-:l„::^  ::7  —  a  character  which,  as 
T..   :.•  - :    •  :■  :*  :  -•  f  7\>-:<ri->?  ::-  the  actions  of  alkalies  in 
-      *i-    - :   7  •:  u":  T  --.  :i--  :i:::_:lAr  f  liti-s  of  the  hair. 
A:  "._:  :•  :".—  .:  :1:  ':jl^-:M1:j1-:,  :he  proper  inner  root-sheath 
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■ :  :■»    f:      r  7--:-»"  c.i:*^.  r:\r:  :?.f'!  i'-O  time*.    A.  Kroni  the  ontor  laj-er.    1. 

I-     i'    1  ;;.»:.•    f  :■-■  *.i:-.'';  2.  tf  *a:::e  :n  oi-r.ne.  t.>-n.  from  tht- Tipi<>nn(Mt  portiinf  the 
i.-r  :n    i-.i- -::  :•,  Af*:.'r  treiT-ri*-:  »:th  ci';«rv  v-ij.    a.  Op4>Tiiii^  between  the  cells  A. 
li.  I"-:*  •:  T'.r"  v'.*T  v.r:  ••ir. -1  ^aji-r.  *-.:h  e;i»n»:a-e1  an-t  ^lichtljr  tlontftted  unclei.    C. 
X.>.-1«  .ito  1  !••  1*  ■  f  15.'^  '■  »i  rr:  •:  ]  .irt  >  f  tl.e  irjur  »]-.ca:h,  whkh  consist.*  of  a  ^ngle  layer. 

consists  f>f  only  a  sin^^lo  layer  of  beautiful,  larjrc,  polygonal,  nu- 
cleated cells  without  opcniujrs  between  them,  which,  becoming 
at  last  soft,  delicate,  and  roundish,  pass  into  the  external  layers  of 
t.io  round  cells  of  the  hair-bulb,  without  any  sharp  line  of  demar- 
cation. Su]KTiorly,  this  investment  is  not  unfrcquently  somewhat 
separated  from  the  hair.  It  terminates  near  the  openings  of  the 
sebaceous  glands  in  a  sharp,  dcntated  border,  which  is  formed  by 
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1.-  -  -'i:  r-iliijifs-  Tne  hair- 
:  r...cr  Z'.L^Zi  .:  tl-:-  >3dv  of  the 
:.  -:    :L>: :    :c_7    1.-=   i_iir :  but  this, 

•  T  :.i -i-  Tii.L^i  "i^icec  capanied  bv 
.1^7  Ti_:i  Tr-rce.i-i"*  ire  sLcJdinsof 

•  i:"  -1  z'-tL-ml-  •- ".  ."."".'ifriow  in 
■  -  :-•  1.-  ?  "  _r:*-.  I  btlieve  I  am 
-.  :  ■  z  -.:,-:•?.:  ir-o:**es  I  infer  the 
:^    •:  ■-! :  i^-"     :i^  i  esue-ciallv  since 


■::  ihe  head  fall 


:.?  ' .r.L^  iz.i  ire  replaced  by 
-^  r-  IT. .  !.•  -K--.!  \e  necossarr  to 
-_-^-  :'•  *-^e  ::  :':ie  hair  takes 
1   Tii-l-:r  rii-etinons   of  the 


1?  Tit  :.^-r  Liirs  are  likewise 
-.:- 1*..  T_*    :  H':\^<i  .'7'.r  AUti 

^.■~:":r.  Zj  i'?^-  J->?s  not 
■.■dwJ"  *     ■•■:  ciut'.v  the  same 


—  T . .   i--j>  :•  s*e>s  a  determinate 

•  -  ■     ".  ".    L  i.  :':.-:  sl\  of  the  iudindual, 

.-    ._       :      -  .ijT^.v  T::h  the  other  hornv 

-  .  ::       : ■  ;    .r* --.r.  cf  hair   proceeds  is, 

:  :'.  '•:      :lv.     Ikro  new  elements 

•  --T :-  ..'.  ■. — :":.:  .'.uh  means  of  a  blastema 

:  ":.  s:    :  :':..  :..i:r-:'y.lielo  itself — bv  the 

w 

.    .:    :*:.:    >:*..>  :'.-:ro   <;ruated,   while  the 

.  v.  ■.  :.  ;t  >::r.:-.Tiiat  hiirher  placed,  arc 
•  .  :". .  :v.  ■  ;.:  cr.s'^  into  the  cells  of  the 
:  •  :  ..  "•.:.,•  ::.:.  :hv  phites  of  the  fibrous 
..  -:  :..: "  • :  i.l-.  m.ic  so:iles  :  and  thus  the 
:. .  r  >  V  ::::i;Vt:\lIy  ^iu>hed  from  below 
1:.  :'.:  "...::cr  i;o  ti'i-ir.atiou  of  elementary 
, ,_.  ...  ^.  '-  -^  -.  .■■..'.»-  p.  v\r:;;i:i  :i'.:-.T:iti.»u  of  those  already 
fv  .-r  f  -I'.ifii  f:ii-i>  ri  irradViVil  thiiuiini:  of  the  root  from  the 
linib  ii'r^:rfl-.  «u:til  it  i<  rcdiu-c.l  tt»  the  thickness  of  the  shaft. 
Ilit.'li»  r  ii|i  c:vrii  ihf.'-'i!  clinniii'S  of  thi'  elementary  parts  are  wanting; 
(:fiii-r.|iiriitly  liairs,  when  cut,  do  not  acquire  new  points.  The 
riMit-hlicritliH  and  the  outer  layer  of  the  hair-cutielc  do  not  take 
|iitrt  ill  till-  ;  row  til  of  <-iit  hairs. 
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